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NOVEL KINASE MODULATORS

[01] This application claims the benefit of Indian Provisional Patent
Application Nos. 2690/CHE/2009 dated 5™ November 2009, and 1429/CHE/2010 dated 24
May 2010, and U.S. Provisional Patent Application No. 61/364,661 dated 15™ July, 2010,

each of which is hereby incorporated by reference.

FIELD OF THE INVENTION

[02] The present invention provides PI3K protein kinase modulators, methods
of preparing them, pharmaceutical compositions containing them and methods of treatment,

prevention and/or amelioration of kinase mediated diseases or disorders with them.

BACKGROUND OF THE INVENTION

[03] In the recent past immense research has been dedicated to the discovery
and understanding of the structure and functions of enzymes and bio-molecules associated
with various diseases. One such important class of enzymes that has been the subject of

extensive research is Protein Kinase.

[04] In general, protein kinases represent a set of structurally related
phosphoryl transferases having conserved structures and catalytic functions. These enzymes
modify proteins by chemically adding phosphate groups (phosphorylation). Phosphorylation
involves the removal of a phosphate group from ATP and covalently attaching it to amino
acids that have a free hydroxyl group such as serine, threonine or tyrosine. Phosphorylation
usually results in a functidna] change of the target protein (substrate) by altering enzyme
activity, cellular localization or association with other proteins. Up to 30% of all proteins may

be modified by kinase activity.

[05] This class of proteins are classified into subsets depending upon the A
substrate they act upon such as tyrosine kinase, serine/theronine kinase, histidine kinase and
the like. These proteins can also be classified based on their localization into receptor

tyrosine kinases (RTKSs) or non-receptor tyrosine kinases.

[06] Receptor tyrosine kinases (RTKs) have an extracellular portion, a
transmembrane domain, and an intracellular portion, while non-receptor tyrosine kinases are

entirely intracellular. Receptor tyrosine kinase mediated signal transduction is typically
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initiated by an extracellular interaction with a specific growth factor (ligand), followed by
receptor dimerization, stimulation of the intrinsic protein tyrosine kinase activity, and
phosphorylation of amino acid residues. The ensuing conformational change leads to the
formation of complexes with a spectrum of cytoplasmic signalling molecules and facilitates a
myriad of responses such as cell division, differentiation, metabolic effects, and changes in

the extracellular microenvironment.

[07] Protein kinases are known to control a wide variety of biological processes
such as cell growth, survival and differentiation, organ formation and morphogenesis,
neovascularisation, tissue repair and regeneration. In addition to their functions in normal
tissues/organs, many protein kinases also play specialized roles in a host of human diseases
including cancer. A subset of protein kinases (also referred to as oncogenic protein kinases),
when dysregulated, can cause tumor formation and growth and contribute to tumor
maintenance and progression (Blume- Jensen P et al, Nature 2001, 411(6835):355-365). Thus
far, oncogenic protein kinases represent one of the largest and most attractive groups of

protein targets for therapeutic intervention and drug development.

[08] Both receptor and non-receptor protein kinases have been found to be
attractive targets for small molecule drug discovery due to their impact on cell physiology
and signalling. Dysregulation of protein kinase activity thus leads to altered cellular
responses including uncontrolled cell growth associated with cancer. In addition to
oncological indications, altered kinase signalling is implicated in numerous other
pathological diseases. These include, but are not limited to immunological disorders,

cardiovascular diseases, inflammatory diseases, and degenerative diseases.

[09] Modulation (particularly inhibition) of cell proliferation and angiogenesis,
the two key cellular processes needed for tumor growth and survival is an attractive goal for
development of small-molecule drugs (Matter A. Drug Disc Technol 2001, 6, 1005-1024).
Anti-angiogenic therapy represents a potentially important approach for the treatment of solid
tumors and other diseases associated with dysregulated vascularisation including ischemic
coronary artery disease, diabetic retinopathy, psoriasis and rheumatoid arthritis. Similarly,

cell antiproliferative agents are desirable to slow or inhibit the growth of tumors.

[10] Phosphatidylinositol (hereinafter abbreviated as “PI”) is one of a number

of phospholipids found in cell membranes. In recent years it has become clear that PI plays
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an important role in intracellular signal transduction. Cell signaling via 3’-phosphorylated
phosphoinositides has been implicated in a variety of cellular processes, e.g., malignant
transformation, growth factor signaling, inflammation, and immunity (Rameh et al (1999) J.
Biol Chem, 274:8347-8350). The enzyme responsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase (also referred to as PI 3-kinase or PI3K),
was originally identified as an activity associated with viral oncoproteins and growth factor
receptor tyrosine kinases that phosphorylate phosphatidylinositol (PI) and its phosphorylated
derivatives at the 3’-hydroxyl of the inositol ring (Panayotou et al (1992) Trends Cell Biol
2:358-60).

[11] The phosphoinositide 3-kinases (PI3Ks) are a family of enzymes that
regulate diverse biological functions in every cell type by generating phosphoinositide
second-messenger molecules. As the activity of these phosphoinositide second messengers is
determined by their phosphorylation state, the kinases and phosphatises that act to modify
these lipids are central to the correct execution of intracellular signaling events.
Phosphoinositide 3-kinases (PI3K) phosphorylate lipids at the 3-hydroxyl residue of an
inositol ring (Whitman et al (1988) Nature, 332:664) to generate phosphorylated
phospholipids (PIP3s) which act as second messengers recruiting kinases with lipid binding
domains (including plekstrin homology (PH) regions), such as Akt and phosphoinositide-
dependent kinase-1 (PDK1). Binding of Akt to membrane PIP3s causes the translocation of
Akt to the plasma membrane, bringing Akt into contact with PDK1, which is responsible for
activating Akt. The tumor-suppressor phosphatase, PTEN, dephosphorylates PIP3 and
therefore acts as a negative regulator of Akt activation. The PI3-kinases Akt and PDK1 are
important in the regulation of many cellular processes including cell cycle regulation,
proliferation, survival, apoptosis and motility and are significant components of the
molecular mechanisms of diseases such as cancer, diabetes and immune inflammation

(Vivanco et al (2002) Nature Rev. Cancer 2:489; Phillips et al (1998) Cancer 83:41).

[12] The PI3K family is constituted by four different classes: classes I, II and

III are lipid kinases while members of class IV are Ser/Thr protein kinases.

[13] The members of the class I family of PI3Ks are dimers of a regulatory and
a catalytic subunit. The class I family consists of four isoforms, determined by the catalytic
subunits o, B, Y and 8 (see Engelman JA, Nat Rev Genet 2006;7:606-19; Carnero A, Curr
Cancer Drug Targets 2008;8:187-98; Vanhaesebroeck B, Trends Biochem Sci 2005;30:194-
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204). Class I can be subdivided into two subclasses: Ia, formed by the combination of p110 a
B and & and a regulatory subunit (p85, p55 or p50) and Ib, formed by p110 y and pl0l
regulatory subunits. The regulatory subunit p85 contains Src homology 2 domains, which
bind to phosphotyrosines and bring the attached catalytic subunit p110 into the complexes
located in the membrane around the receptor. The activation of PI3K is induced by growth
factors and insulin targeting the catalytic subunit to the membrane where it is in close
proximity with its substrates, mainly PIP2. Alternatively, GTP-bound Ras can bind and
activate p110 subunits in a p85-independent manner. Class I phosphoinositide 3-kinases
(PI3Ks) are lipid kinases that phosphorylate phosphatidyl-inositide lipids (PI) at the D3
position of the inositol ring producing lipid second messengers (PIPs). The products of PI3K
activity, mainly PI(3,4,5)-P3 (PIP3), are present in very low level in quiescent cells but are
rapidly produced during cell stimulation and are involved in the regulation of several
biological responses including mitogenesis, apoptosis, vesicular trafficking and cytoskeleton
rearrangement. The result of rising PIP3 levels is the activation of 3-phosphoinositide-
dependent protein kinase-1 and its substrate AKT, which triggers most of the biological
activities of the pathway. Phosphatase and tensin homolog in chromosome 10 (PTEN) is a
lipidic phosphatase which constitutes the main negative regulator of the route by
dephosphorylating PIP3 to PI(4,5)-P2 (PIP2). Class II displays the ability to phosphorylate PI
and PI-4 phosphate in vitro. Class I, composed by Vps34 only member, phosphorylates PI
at position 3 generating PI 3-phosphate. Vps34 has been implicated in Golgi trafficking of
proteins, autophagy and activation of mammalian target of rapamycin (mTOR) by amino
acids (see Backer JM. Biochem J 2008; 410:1-17) these classes are generally resistant to class
I PI3K inhibitors. Class IV, however, is important because it constitutes the major cross-
activity proteins for class I inhibitors. This class includes enzymes involved in signal
transduction and DNA damage response such as mTOR, DNA-dependent protein kinase
(DNA-PK) or ATM. This fourth class of PI3K-related enzymes contains a catalytic core
similar to the PI3K, which can account for the cross-inhibition by class I ‘selective’
compounds. However, small differences, especially in the hinge region, and the solving of the
PI3K-related structures might lead to the fine tuning of different paralog selective PI3K-
members. (see Expert Opin. Investig. Drugs (2009) 18(9): 1265-1277 )

[14] There is now considerable evidence indicating that Class Ia PI3K enzymes
contribute to tumourigenesis in a wide variety of human cancers, either directly or indirectly

(Vivanco and Sawyers, Nature Reviews Cancer, 2002, 2, 489-501). For example, the pi 10a

4
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subunit is amplified in some tumours such as those of the ovary (Shayesteh et al, Nature
Genetics. 1999, 21: 99-102) and cervix (Ma et al, Oncogene, 2000, 19: 2739-2744). More
recently, activating mutations within the catalytic site of pi 10a have been associated with
various other tumours such as those of the colorectal region and of the breast and lung
(Samuels et al, Science, 2004, 304, 554). Tumour-related mutations in p85a have also been
identified in cancers such as those of the ovary and colon (Philp et al., Cancer Research,
2001, 61, 7426-7429). In addition to direct effects, it is believed that activation of Class Ia
PI3K contributes to tumourigenic events that occur upstream in signalling pathways, for
example by way of ligand-dependent or ligand-independent activation of receptor tyrosine
kinases, GPCR systems or integrins (Vara et al, Cancer Treatment Reviews, 2004, 30, 193-
204). Examples of such upstream signalling pathways include over-expression of the receptor
tyrosine kinase Erb2 in a variety of tumours leading to activation of PI3K-mediated pathways
(Harari et al. , Oncogene, 2000, 19, 6102-6114) and over-expression of the oncogene Ras
(Kauffmann-Zeh et al. , Nature, 1997, 385, 544-548). In addition, Class Ia PBKs may
contribute indirectly to tumourigenesis caused by various downstream signalling events. For
example, loss of the effect of the PTEN tumour-suppressor phosphatase that catalyses
conversion of PI(3,4,5)P3 back to PI(4,5)P2 is associated with a very broad range of tumours
via deregulation of PI3K-mediated production of PI(3,4,5)P3 (Simpson and Parsons, Exp.
Cell Res.. 2001, 264, 29-41). Furthermore, augmentation of the effects of other PI3K-
mediated signalling events is believed to contribute to a variety of cancers, for example by
activation of Akt (Nicholson and Anderson, Cellular Signalling, 2002, H, 381-395).

[15] In addition to a role in mediating proliferative and survival signalling in
tumour cells, there is also good evidence that Class Ia PI3K enzymes will also contribute to
tumourigenesis via its function in tumour-associated stromal cells. For example, PI3K
signalling is known to play an important role in mediating angiogenic events in endothelial
cells in response to pro-angiogenic factors such as VEGF (Abid et al. , Arterioscler. Thromb.
Vase. Biol., 2004, 24, 294-300). As Class I PI3K enzymes are also involved in motility and
migration (Sawyer, Expert Opinion Investig. Drugs, 2004, JJ., 1-19), PI3K inhibitors should

provide therapeutic benefit via inhibition of tumour cell invasion and metastasis.

[16] In addition, Class I PI3K enzymes play an important role in the regulation
of immune cells with PI3K activity contributing to pro-tumourigenic effects of inflammatory

cells (Coussens and Werb, Nature, 2002, 420, 860-867). These findings suggest that
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pharmacological inhibitors of Class I PI3K enzymes should be of therapeutic value for
treatment of the various forms of the disease of cancer comprising solid tumours such as
carcinomas and sarcomas and the leukaemias and lymphoid malignancies. In particular,
inhibitors of Class I PI3K enzymes should be of therapeutic value for treatment of, for
example, cancer of the breast, colorectum, lung (including small cell lung cancer, non-small
cell lung cancer and bronchioalveolar cancer) and prostate, and of cancer of the bile duct,
bone, bladder, head and neck, kidney, liver, gastrointestinal tissue, oesophagus, ovary,
pancreas, skin, testes, thyroid, uterus, cervix and vulva, and of leukaemias (including ALL

and CML), multiple myeloma and lymphomas.

[17] A recent review by Romina Marone et. al., describes the activation of the
PI3K signalling cascade having a positive effect on cell growth, surlvival and proliferation.
Constitutive up-regulation of PI3K signaling can have a deleterious effect on cells leading to
uncontrolled proliferation, enhanced migration and adhesion-independent growth. These
events favor not only the formation of malignant tumors, but also the development of
inflammatory and autoimmune disease indicating the role of PI3K in various diseases
including chronic inflammation & allergy, Cardiovascular diseases, cancer and metabolic

disorders.(see Biochimica et Biophysica Acta 1784 (2008) 159-185).

[18] Several components of the PI3-kinase/Akt/PTEN pathway are implicated
in oncogenesis. In addition to growth factor receptor tyrosine kinases, integrin-dependent cell
adhesion and G-protein coupled receptors activate PI3-kinase both directly and indirectly
through adaptor molecules. Functional loss of PTEN (the most commonly mutated tumor-
suppressor gene in cancer after p53), oncogene mutations in PI3 kinase (Samuels et al (2004)
Science 304:554), amplification of PI3-kinase and overexpression of Akt have been
established in many malignancies. In addition, persistent signaling through the PI3-
kinase/Akt pathway by stimulation of the insulin-like growth factor receptor is a mechanism
of resistance to epidermal growth factor receptor inhibitors such as AG1478 and trastuzumab.
Oncogenic mutations of pll0alpha have been found at a significant frequency in colon,
breast, brain, liver, ovarian, gastric, lung, and head and neck solid tumors. PTEN
abnormalities are found in glioblastoma, melanoma, prostate, endometrial, ovarian, breast,

lung, head and neck, hepatocellular, and thyroid cancers.

[19] The levels of phosphatidylinositol-3,4,5-triphosphate (PIP3), the primary

product of PI3-kinase activation, increase upon treatment of cells with a variety of agonists.

6
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PI3-kinase activation, therefore, is believed to be involved in a range of cellular responses
including cell growth, differentiation, and apoptosis (Parker et al (1995) Current Biology,
5:577-99; Yao et al (1995) Science, 267:2003-05). Though the downstream targets of
phosphorylated lipids generated following PI3 kinase activation have not been well
characterized, emerging evidence suggests that pleckstrin-homology domain- and FYVE-
finger domain-containing proteins are activated when binding to various phosphatidylinositol
lipids (Sternmark et al (1999) J Cell Sci, 112:4175-83; Lemmon et al (1997) Trends Cell
Biol, 7:237-42). In vitro, some isoforms of protein kinase C (PKC) are directly activated by
PIP3, and the PKC-related protein kinase, PKB, has been shown to be activated by PI3 kinase
(Burgering et al (1995) Nature, 376:599-602).

[20] PI3 kinase also appears involved in leukocyte activation. A p85-associated
PI3 kinase activity has been shown to physically associate with the cytoplasmic domain of
CD28, which is an important costimulatory molecule for the activation of T-cells in response
to antigen (Pages et al (1994) Nature, 369:327-29; Rudd, (1996) Immunity 4:527-34).
Activation of T cells through CD28 lowers the threshold for activation by antigen and
increases the magnitude and duration of the proliferative response. These effects are linked to
increases in the transcription of a number of genes including interleukin-2 (IL2), an important
T cell growth factor (Fraser et al (1991) Science, 251:313-16). Mutation of CD28 such that it
can no longer interact with PI3 kinase leads to a failure to initiate IL2 production, suggesting

a critical role for PI3 kinase in T cell activation.

[21] Inhibition of class I PI3 kinase induces apoptosis, blocks tumor induced
angiogenesis in vivo, and increases the radiosensitivity of certain tumors. At least two
compounds, LY294002 and wortmannin, have been widely used as PI3 kinase inhibitors.
These compounds, however, are nonspecific PI3K inhibitors, as they do not distinguish
among the four members of Class I PI3 kinases. For example, the IC50 values of wortmannin
(U.S. Pat. No. 6,703,414) against each of the various Class I PI3 kinases are in the range of 1-
10 nanomolar (nM). LY294002 (2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one) is a
well known specific inhibitor of class I PI3 kinases and has anti-cancer properties (Chiosis et
al (2001) Bioorganic & Med. Chem. Lett. 11:909-913; Vlahos et al (1994) J. Biol. Chem.
269(7):5241-5248; Walker et al (2000) Mol. Cell 6:909-919; Fruman et al (1998) Ann Rev
Biochem, 67:481-507).
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[22] Patent literature belonging to various research groups around the world
includes several such patents and/or patent applications viz., US 6,608,056; US 6,608,053;
US 6,838,457, US 6,770,641; US 6,653,320; US 6,403,588; WO 2004017950; US
2004092561; WO 2004007491; WO 2004006916; WO 2003037886; US 2003149074; WO
2003035618; WO 2003034997; US 2003158212; EP 1417976; US 2004053946; JP
2001247477, JP 08175990; JP 08176070).WO 97/15658, US 7,173,029; US 7,037,915; US
6,703,414; WO 2006/046031; WO 2006/046035; WO 2006/046040; WO 2007/042806; WO
2007/042810; WO 2004/017950; US 2004/092561; WO 2004/007491; W0O2004/006916;
WO 2003/037886; US 2003/149074; WO 2003/035618; WO 2003/034997; including p110
alpha binding activity US 2008/0207611; US 2008/0039459; US 2008/0076768; WO
2008/073785; WO 2008/070740; US20090270430A1; US2006270673 Al;
WO02009129211A1; US2009 0263398A1; US20090263397A1; WO2009129259A2;
US7605160; US7605155; US7608622; US20090270621; US20090270445;
US20090247567A1; US7592342; US2009 0239847A1; US7595320; US20090247538A1;
US20090239936A1; US7595330; US20090239859A1; WO02009117482A1;
WO02009117097A1;US20090247565A1; WO0O2009  120094A2; US20090258852A1;
US7601724; WO2009126635A1; US7601718; US7598245; US20090239859A1;
US20090247554; US20090238828; W02009114874A2; W02009114870A2;
US20090234132A1; WO02009112565A1;  US20090233950A1;  US20090233926A1;
US7589101;  WO2009111547A1;  WO2009111531A1;  WO2009109867A2  and
WO02009105712A1.

[23] reviews and studies regarding PI3K and related protein kinase pathways
have been given by Pixu Liu et. al. (Nature Reviews Drug Discovery, 2009, 8, 627-644);
Nathan T. et. al. (Mol Cancer Ther., 2009;8 (1) Jan., 2009); Romina Marone et, al.
(Biochimica et Biophysica Acta 1784 (2008) 159-185) and B. Markman et. al. (Annals of
oncology Advance access published August 2009). All of these patents and/or patent
applications and literature disclosures are incorporated herein as reference in their entirety for

all purposes.

[24] Despite the advances made in the area of kinases and in particular the role
that PI3K and related protein kinases play in human diseases, challenges remain in terms of
the complexities of the target involved, the protein structure of the kinases, specificity issues

for various kinase inhibitors, side effects and desired clinical benefits expected form the PI3K
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inhibitors. Accordingly, there still remains an unmet and dire need for small molecule
kinase modulators in order to regulate and/or modulate transduction of kinases, particularly
P13K and related protein kinase for the treatment of diseases and disorders associated with

kinases mediated events.

SUMMARY OF INVENTION
[24a] According to a first aspect of the present invention there is

provided a compound of the formula (IA-I), (IA-IT), TA-III), or JA-IV):

O 1
i Cy' A ey’ | Cy1
=z | 1 R R
(R)n_\ | | R’ R2 (R = | R1 R (0) R2
o) (@)
N N _-S(0)q
N N N || = m )
X / X _ N\
N /NI R3 —N N ‘r

HN~ x HN~X

(IA-D) (IA-II) (TA-III) (TA-1V)
or a tautomer thereof, N-oxide thereof, pharmaceutically acceptable ester thereof, prodrug
thereof, or pharmaceutically acceptable salt thereof, wherein

each occurrence of R is independently selected from hydrogen, halogen, -OR® CN,
substituted or unsubstituted C).¢ alkyl, substituted or unsubstituted C,.¢ alkenyl, substituted or
unsubstituted Ca¢ alkynyl, substituted or unsubstituted Cs g cycloalkyl, and substituted or
unsubstituted heterocyclic group;

R' and R’ may be the same or different and are independently selected from
hydrogen, halogen, and substituted or unsubstituted C, alkyl, or both R' and R’ directly
bound to a common atom, may be joined to form an oxo group (=O) or a substituted or
unsubstituted saturated or unsaturated 3-10 member ring (including the carbon atom to which
R! and R? are bound), which may optionally include one or more heteroatoms which may be
the same or different and are selected from O, NR* and S;

Cy' is a monocyclic group selected from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyclic group, and substituted or unsubstituted aryl and
substituted or unsubstituted heteroaryl;

each occurrence of R* and R® may be the same or different and are independently
selected from hydrogen, halogen, hydroxy, cyano, substituted or unsubstituted (Cj.¢)alkyl, -
NRR? (wherein R® and R? are independently hydrogen, halogen, hydroxy, cyano, substituted
or unsubstituted (Cjg)alkyl, and (Cj¢)alkoxy) and -OR® (wherein R® is substituted or

unsubstituted (Cj¢)alkyl) or when R* and R® are directly bound to a common atom, they may
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be joined to form an oxo group (=0O) or form a substituted or unsubstituted saturated or
unsaturated 3-10 member ring (including the common atom to which R* and R” are directly
bound), which may optionally include one or more heteroatoms which may be the same or
different and are selected from O, NR® (wherein R® is hydrogen or substituted or unsubstituted
(Ci-e)alkyl) or S;

n is an integer from 1 to 4; and

qis 0,1 or2,

each occurrence of X is independently selected from CR’ or N; and

each occurrence of R is independently selected from hydrogen, hydroxy, halogen,
carboxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted cycloalkylalkyl, substituted or unsubstituted
cycloalkenylalkyl substituted or unsubstituted cycloalkenyl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heteroarylalkyl, substituted or unsubstituted
heterocyclic ring, substituted heterocyclylalkyl ring, substituted or unsubstituted guanidine, —
COOR*, -C(O)R*, -C(S)R*, -C(O)NR'R’, -C(O)ONR'R’, -NR’R* -NR*CONR'R? -
N(R*)SORY, -N(R")SO:R’, -(=N-N(R"R"), - NR*C(O)OR’, -NR'R", -NR*C(O)R"-,
NR*C(S)R* -NR*C(S)NR’R* -SONR'RY-, -SO,NR'R’-, -OR*, -OR*C(O)NR'R’
OR*C(O)OR’-, -OC(O)R*, -OC(O)NR'RY, - R*NR'C(O)R* -R*OR’, -R*C(O)OR’, -
R*C(O)NRR?, -R*C(O)R*, -R*OC(O)R’, -SR*, -SOR", -SO,R", and -ONO,, wherein R*, R”

and R” in each of the above groups can be hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkylalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted heteroarylalkyl, substituted or unsubstituted heterocyclic ring, substituted or
unsubstituted heterocyclylalkyl ring, or substituted or unsubstituted amino, or any two of R,
RY and R* may be joined to form a substituted or unsubstituted saturated or unsaturated 3-10
membered ring, which may optionally include heteroatoms which may be the same or
different and are selected from O, NR* (wherein R" is hydrogen or substituted or unsubstituted

alkyl) or S.
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[24b] According to a second aspect of the present invention there is
provided a compound selected from:
6-Bromo-2-(morpholinomethyl)-3-phenyl-4H-chromen-4-one;
6-Bromo-2-(morpholinomethyl)-3-phenyl-4H-chromen-4-one hydrochloride;
2-(Morpholinomethyl)-3-phenyl-4H-chromen-4-one;
2-(Morpholinomethyl)-3-phenyl-4H-chromen-4-one hydrochloride;
2-[(1H-Benzo[d]imidazol-1-yl)methyl]-6-bromo-3-phenyl-4H-chromen-4-one;
6-Bromo-2-[(4-methyl- 1H-benzo[d]imidazol- 1-yl)methyl]-3-phenyl-4H-chromen-4-one;
2-[(1H-benzo[d]imidazol- 1-yl)methyl]-3-phenyl-4H-chromen-4-one;
2-[(4-methyl-1H-benzo[d]imidazol-1-yl)methyl]-3-phenyl-4H-chromen-4-one;
2-[(6-Chloro-9H-purin-9-yl)methyl]-3-phenyl-4H-chromen-4-one;
6-Bromo-2-[(6-chloro-9H-purin-9-yl)methyl]-3-phenyl-4H-chromen-4-one;
2-[(1H-Imidazol-1-yl)methyl]-3-phenyl-4H-chromen-4-one;
6-Bromo-3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one;
6-Bromo-3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one hydrochloride;
3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one;
3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one hydrochloride;
7-[(6-Bromo-4-oxo0-3-phenyl-4H-chromen-2-yl)methyl]-1,3-dimethyl- 1H-purine-
2,6(3H,7H)-dione;
6-Fluoro-3-(3-fluorophenyl)-2-(1-(4-methoxyphenylamino)ethyl)-4H-chromen-4-one;
2-(1-(4-Chloro-7H-pyrrolo[2,3-d]pyrimidin-7-yl)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-
one;
2-(1-(4-Chloro-1H-pyrazolo[3,4-b]pyridin-1-yl)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-
one;
2-(1-(4-Chloro-1H-pyrazolo[3,4-d]pyrimidin- 1-yl)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-
one;
2-(1-(4-Chloro-5H-pyrrolo[3,2-d]pyrimidin-5-yl)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-
one
and pharmaceutically acceptable salts thereof.

[24c] According to a third aspect of the present invention there is
provided a pharmaceutical composition, comprising a compound of the first or second aspect
and a pharmaceutically acceptable carrier.

[24d] According to a fourth aspect of the present invention there is

provided use of a compound of the first or second aspect in the manufacture of a medicament
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for the treatment of a disease, disorder, or condition selected from inflammation,
glomerulonephritis, uveitis, hepatic diseases or disorders, renal diseases or disorders, chronic
obstructive pulmonary disease, rheumatoid arthritis, inflammatory bowel disease, vasculitis,
dermatitis, osteoarthritis, inflammatory muscle disease, allergic rhinitis, vaginitis, interstitial
cystitis, scleroderma, osteoporosis, eczema, allogeneic or xenogeneic transplantation, graft
rejection,  graft-versus-host  disease, lupus erythematosus, pulmonary fibrosis,
dermatomyositis, thyroiditis, myasthenia gravis, autoimmune hemolytic anemia, cystic
fibrosis, chronic relapsing hepatitis, primary biliary cirrhosis, allergic conjunctivitis, hepatitis,
atopic dermatitis, asthma, Sjogren’s syndrome, organ transplant rejection, multiple sclerosis,
Guillain-Barre, autoimmune uveitis, autoimmune hemolytic anemia, pernicious anemia,
autoimmune thrombocytopenia, temporal arteritis, anti-phospholipid syndrome, vasculitides
such as Wegener’s granulomatosis, Behcet’s disease, psoriasis, dermatitis herpetiformis,
pemphigus vulgaris, vitiligo, Crohn’s disease, colitis, ulcerative colitis, primary biliary
cirrhosis, autoimmune hepatitis, Type 1 or immune-mediated diabetes mellitus, Grave’s
disease, Hashimoto’s thyroiditis, autoimmune oophoritis and orchitis, autoimmune disorder
of the adrenal gland, systemic lupus erythematosus, polymyositis, dermatomyositis,
ankylosing spondylitis, transplant rejection, skin graft rejection, arthritis, bone diseases
associated with increased bone resorption, ileitis, Barrett’s syndrome, adult respiratory
distress syndrome, chronic obstructive airway disease, corneal dystrophy, trachoma,
onchocerciasis, sympathetic ophthalmitis, endophthalmitis, gingivitis, periodontitis,
tuberculosis, leprosy, uremic complications, nephrosis, sclerodermatitis, psoriasis, chronic
demyelinating diseases of the nervous system, AIDS-related neurodegeneration, Alzheimer’s
disease, infectious meningitis, encephalomyelitis, Parkinson’s disease, Huntington’s disease,
amyotrophic lateral sclerosis viral or autoimmune encephalitis, autoimmune disorders,
immune-complex vasculitis, systemic lupus and erythematodes, systemic lupus
erythematosus (SLE), cardiomyopathy, ischemic heart disease hypercholesterolemia,
atherosclerosis, preeclampsia, chronic liver failure, brain and spinal cord trauma, cancer,
hematopoietic tumors of lymphoid lineage, leukemia, acute lymphocytic leukemia, acute
lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkin’s lymphoma, non-
Hodgkins lymphoma, hairy cell lymphoma and Burkett’s lymphoma, hematopoietic tumors
of myeloid lineage, acute myelogenous leukemias, chronic myelogenous leukemias,
myelodysplastic syndrome, promyelocytic leukemia, carcinoma of the bladder, carcinoma of
the breast, carcinoma of the colon, carcinoma of the kidney, carcinoma of the liver,

carcinoma of the lung, small cell lung cancer, esophageal cancer, gall bladder cancer, ovarian
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cancer, pancreatic cancer, stomach cancer, cervical cancer, thyroidcancer, prostatecancer,
skincancer, squamous cell carcinoma, tumors of mesenchymal origin, fibrosarcoma,
rhabdomyosarcoma, tumors of the central and peripheral nervous system, astrocytoma,
neuroblastoma, glioma, schwannoma, melanoma, seminoma, teratocarcinoma, osteosarcoma,
xenoderoma pigmentosum, keratoacanthoma, thyroid follicular cancer, Kaposi’s sarcoma,
chronic lymphocytic leukemia, multiple myelomas which includes smoldering multiple
myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary
plasmacytoma, extramedullary plasmacytoma, Chronic Lymphocytic Leukemia (CLL),
Lymphoma Non-Hodgkin (NHL), Acute Myeloid Leukemia (AML), Multiple Myeloma
(MM), Small Lymphocytic Lymphoma (SLL), or Indolent Non-Hodgkin’s Lymphoma (I-
NHL).

[24e] According to a fifth aspect of the present invention there is
provided method of treating a disease, disorder, or condition selected from inflammation,
glomerulonephritis, uveitis, hepatic diseases or disorders, renal diseases or disorders, chronic
obstructive pulmonary disease, rheumatoid arthritis, inflammatory bowel disease, vasculitis,
dermatitis, osteoarthritis, inflammatory muscle disease, allergic rhinitis, vaginitis, interstitial
cystitis, scleroderma, osteoporosis, eczema, allogeneic or xenogeneic transplantation, graft
rejection,  graft-versus-host disease, lupus erythematosus, pulmonary fibrosis,
dermatomyositis, thyroiditis, myasthenia gravis, autoimmune hemolytic anemia, cystic
fibrosis, chronic relapsing hepatitis, primary biliary cirrhosis, allergic conjunctivitis, hepatitis,
atopic dermatitis, asthma, Sjogren’s syndrome, organ transplant rejection, multiple sclerosis,
Guillain-Barre, autoimmune uveitis, autoimmune hemolytic anemia, pernicious anemia,
autoimmune thrombocytopenia, temporal arteritis, anti-phospholipid syndrome, vasculitides
such as Wegener’s granulomatosis, Behcet’s disease, psoriasis, dermatitis herpetiformis,
pemphigus vulgaris, vitiligo, Crohn’s disease, colitis, ulcerative colitis, primary biliary
cirrhosis, autoimmune hepatitis, Type 1 or immune-mediated diabetes mellitus, Grave’s
disease, Hashimoto’s thyroiditis, autoimmune oophoritis and orchitis, autoimmune disorder
of the adrenal gland, systemic lupus erythematosus, polymyositis, dermatomyositis,
ankylosing spondylitis, transplant rejection, skin graft rejection, arthritis, bone diseases
associated with increased bone resorption, ileitis, Barrett’s syndrome, adult respiratory
distress syndrome, chronic obstructive airway disease, corneal dystrophy, trachoma,
onchocerciasis, sympathetic ophthalmitis, endophthalmitis, gingivitis, periodontitis,
tuberculosis, leprosy, uremic complications, nephrosis, sclerodermatitis, psoriasis, chronic

demyelinating diseases of the nervous system, AIDS-related neurodegeneration, Alzheimer’s
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disease, infectious meningitis, encephalomyelitis, Parkinson’s disease, Huntington’s disease,
amyotrophic lateral sclerosis viral or autoimmune encephalitis, autoimmune disorders,
immune-complex vasculitis, systemic lupus and erythematodes, systemic lupus
erythematosus (SLE), cardiomyopathy, ischemic heart disease hypercholesterolemia,
atherosclerosis, preeclampsia, chronic liver failure, brain and spinal cord trauma, cancer,
hematopoietic tumors of lymphoid lineage, leukemia, acute lymphocytic leukemia, acute
lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkin’s lymphoma, non-
Hodgkins lymphoma, hairy cell lymphoma and Burkett’s lymphoma, hematopoietic tumors
of myeloid lineage, acute myelogenous leukemias, chronic myelogenous leukemias,
myelodysplastic syndrome, promyelocytic leukemia, carcinoma of the bladder, carcinoma of
the breast, carcinoma of the colon, carcinoma of the kidney, carcinoma of the liver,
carcinoma of the lung, small cell lung cancer, esophageal cancer, gall bladder cancer, ovarian
cancer, pancreatic cancer, stomach cancer, cervical cancer, thyroidcancer, prostatecancer,
skincancer, squamous cell carcinoma, tumors of mesenchymal origin, fibrosarcoma,
rhabdomyosarcoma, tumors of the central and peripheral nervous system, astrocytoma,
neuroblastoma, glioma, schwannoma, melanoma, seminoma, teratocarcinoma, osteosarcoma,
xenoderoma pigmentosum, keratoacanthoma, thyroid follicular cancer, Kaposi’s sarcoma,
chronic lymphocytic leukemia, multiple myelomas which includes smoldering multiple
myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary
plasmacytoma, extramedullary plasmacytoma, Chronic Lymphocytic Leukemia (CLL),
Lymphoma Non-Hodgkin (NHL), Acute Myeloid Leukemia (AML), Multiple Myeloma
(MM), Small Lymphocytic Lymphoma (SLL), or Indolent Non-Hodgkin’s Lymphoma (I-
NHL) comprising administering to a subject in need thereof a compound of the first or

second aspect or a composition of the third aspect.

[25] The present invention is directed to compounds, which are useful as P13K
protein kinase modulators and in particular as P13K inhibitors. In one embodiment, the

compound of the present invention has the formula:

)

Oe



2010316780 05 Jun 2015

H:\mm\Interwoven\NRPortb\DCC\MM\7883816_1.doc - 5/6/15

or a tautomer thereof, N-oxide thereof, pharmaceutically acceptable ester thereof, prodrug

thereof, or pharmaceutically acceptable salt thereof, wherein

each occurrence of R is independently selected from hydrogen, halogen, -OR”, CN,
substituted or unsubstituted Cj.¢ alkyl, substituted or unsubstituted C,.¢ alkenyl, substituted or
unsubstituted C,¢ alkynyl, substituted or unsubstituted Cs s cycloalkyl, and substituted or

unsubstituted heterocyclic group;

R' and R’ may be the same or different and are independently selected from
hydrogen, halogen, and substituted or unsubstituted C¢ alkyl, or both R' and R? directly
bound to a common atom, may be joined to form an oxo group (=O) or a substituted or
unsubstituted saturated or unsaturated 3-10 member ring (including the carbon atom to which
R! and R? are bound), which may optionally include one or more heteroatoms which may be

the same or different and are selected from 0, NR* and S;

of
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Cyl is a monocyclic group selected from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyclic group, substituted or unsubstituted aryl and

substituted or unsubstituted heteroaryl;

Cy” is selected from a substituted or unsubstituted heterocyclic group, substituted or

unsubstituted aryl and substituted or unsubstituted heteroaryl;
L, is absent or selected from —(CRaRb)q-, -0-, -S(=0)q¢- , -NR*- or —C(=Y)-.

each occurrence of R* and R® may be the same or different and are independently
selected from hydrogen, halogen, hydroxy, cyano, substituted or unsubstituted (C;.g)alkyl, -
NR°R? (wherein R® and R® are independently hydrogen, halogen, hydroxy, cyano, substituted
or unsubstituted (Cj.g)alkyl, and (Cj¢)alkoxy) and -OR° (wherein R° is substituted or
unsubstituted (C.¢)alkyl) or when R* and R® are directly bound to a common atom, they may
be joined to form an oxo group (=0) or form a substituted or unsubstituted saturated or
unsaturated 3-10 member ring (including the common atom to which R* and R® are directly
bound), which may optionally include one or more heteroatoms which may be the same or
different and are selected from O, NR? (wherein R? is hydrogen or substituted or

unsubstituted (C;g)alkyl) or S;
Y is selected from O, S, and NR?;
n is an integer from 1 to 4; and
qis0, 1or2.

[26] Yet another embodiment is a compound having the formula (I-A) or (I-B)

(I-A) (I-B)

10
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or a tautomer thereof, N-oxide thereof, pharmaceutically acceptable ester thereof, prodrug

thereof, or pharmaceutically acceptable salt thereof, wherein

R is independently selected from hydrogen, halogen, -OR? CN, substituted or
unsubstituted C).¢ alkyl, substituted or unsubstituted C,.¢ alkenyl, substituted or unsubstituted
Co¢ alkynyl, substituted or unsubstituted Csg cycloalkyl, and substituted or unsubstituted

heterocyclic group;

R! and R? may be the same or different and are independently selected from
hydrogen, halogen, and substituted or unsubstituted C,.s alkyl or both R and R? directly
bound to a common atom, may be joined to form an oxo group (=O) or may be joined to form
a substituted or unsubstituted saturated or unsaturated 3-10 member ring (including the
common atom to which R! and R? are directly bound), which may optionally include one or

more heteroatoms which may be the same or different and are selected from O, NR? and S;

Cy' is a monocyclic group selected from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyclic group, substituted or unsubstituted aryl and

substituted or unsubstituted heteroaryl;

Cy?is selected from substituted or unsubstituted heterocyclic group and substituted or

unsubstituted heteroaryl.
L, is absent or selected from — (CR°RP) ¢-0-, -S (=0) ¢-, -NR* or -C (=Y)-.

each occurrence of R* and R® may be the same or different and are independently
selected from hydrogen, halogen, hydroxy, cyano, substituted or unsubstituted (C,.¢)alkyl, -
NR°R? (wherein R® and R? are independently hydrogen, halogen, hydroxy, cyano, substituted
or unsubstituted (Cj)alkyl, and (Cj¢)alkoxy) and -OR®.(wherein R is substituted or
unsubstituted (Cy.¢)alkyl) or when R? and R® are directly bound to a common atom, they may
be joined to form an oxo group (=0) or form a substituted or unsubstituted saturated or
unsaturated 3-10 member ring (including the common atom to which R* and R® are directly
bound), which may optionally include one or more heteroatoms which may be the same or
different and are selected from O, NR® (wherein RY is hydrogen or substituted or

unsubstituted (C;.¢)alkyl) or S;

11
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Y is selected from O, S, and NR? and
qis 0, 1or2.

[27] Yet another embodiment is a compound having the formula (I), (I-A), or
(I-B) wherein R is selected from hydrogen, halogen, substituted or unsubstituted C,.¢ alkyl or
OR®.

[28] Yet another embodiment is a compound having the formula (I), (I-A), or

(I-B) wherein R is selected from hydrogen, halogen or OR®.

[29] Further preferred is a compound having the formula (I), (I-A), or (I-B)
wherein Cy' is selected from substituted or unsubstituted aryl and substituted or unsubstituted
heteroaryl.

[30] Ilustrative examples of optionally substituted Cy' groups include those

shown below:

ED”D#Dw’O m@ :"DND ”O’”O/W

OCH, ocH,

000000
o000 000

WS

OO0 oo Do

O S &0
SO0 N
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[31] Further preferred is a compound having the formula (I) wherein Cy1 is

selected from

F F
00 000 2
) ' ) ) F.
[32] Further preferred is a compound having the formula (I) wherein Cy’ is
substituted or unsubstituted phenyl

[33] Further preferred is a compound having the formula (I) wherein Cy1 is
substituted phenyl.
[34] Further preferred is a compound having the formula (I) wherein Cylis 2-

methyl phenyl or 3-fluoro phenyl.

[35]1 Yet another embodiment is a compound having the formula (I) wherein R!

and R? independently represent hydrogen or substituted or unsubstituted C.¢ alkyl.

[36] Yet another embodiment is a compound having the formula (I) wherein L;

is selected from -S (=0) ¢- or -NR®-.

[37] Yet another embodiment is a compound having the formula (I) wherein q
is 0.

[38] Yet another embodiment is a compound having the formula (I) wherein L;
is absent.

[39] Yet another embodiment, is a compound having the formula (I) wherein

Cy2 is selected from
P <§ 5/?<§/§<IK }\//L l\| DAY v J
H H Q \ A ety ) d{ 5—?7
S0 i T g g2
{/“L" /—f{\) ?—Z‘ ( ﬁ" H°8{‘\7 N@‘—Z’ \d‘zﬁ \d—{ 5\_@
Y p =N HN =N N =N Ho =N ) HN
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MeO
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[40] Yet another embodiment, is a compound having the formula (I) wherein

Cy* is selected from

H
$ : .N__S(O
: a d R
X’ N, N’ N, N \ 0] N.
S S S S L NN N
—N R3 —N —N HN\)I(I HN\X'
H2N H2N HZN
a b c d e
wherein
X is CR? and

R®is independently selected from hydrogen, hydroxy, halogen, carboxyl, cyano, nitro,
substituted or unsubstituted alkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted aryl,
substituted or unsubstituted arylalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted heterocyclylalkyl ring, substituted or unsubstituted heteroarylalkyl,
substituted or unsubstituted heterocyclic ring, substituted or unsubstituted guanidine, -
COOR*, -C(O)R*, -C(S)R*, -C(O)NR'R’, -C(O)ONR'RY, -NR’R? -NR*CONR'R? -
N(R")SOR?, -N(RSO,RY, -(=N-NRR’), - NR*C(O)OR’, -NR*R’, -NR*C(O)R’-,
NR*C(S)RY -NR'C(S)NR’R?, -SONR'R’-, -SO,NR*R’-, -OR*, -OR*C(O)NR’R?
OR*C(O)OR’-, -OC(O)R*, -OC(O)NR'R’, - R*NR'C(O)R? -R*OR’, -R*C(O)OR’,
R*C(O)NR’R?, -R*C(O)R*, -R*OC(O)R?, -SR*, -SOR*, -SO,R*, -ONO,, wherein R*, R? and
R* in each of the above groups can be hydrogen, substituted or unsubstituted alkyl,

15
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substituted or unsubstituted alkoxy, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted
or unsubstituted amino, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted heterocyclylalkyl ring, substituted or unsubstituted heteroarylalkyl, or
substituted or unsubstituted heterocyclic ring, or any two of R*, R¥ and R* may be joined to
form a substituted or unsubstituted saturated or unsaturated 3-10 membered ring, which may
optionally include heteroatoms which may be the same or different and are selected from O,

NRXor S.

[41] For example, Cy* represented as formula a, b ¢, d or e above can be

nrHN

§

T~ &f @/ >’
\

\N>\ . "]\
Sl Sag S g
Mang ,_P,.rs . ANTS, . wans, . _'_N>’—
N\N N N "

& S

[42] Yet another embodiment is a compound having the formula (IA-I), (IA-
1I), (IA-IOI) or (IA-IV)
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. NH -
x’N N N’N N, >l(l D )'('
N/ W/ N~ N\
N "\j /N N ‘1

HoN HN
(IA-D) (IA-IT) (IA-IIT) (IA-IV)

or a tautomer thereof, N-oxide thereof, pharmaceutically acceptable ester thereof, prodrug

thereof, or pharmaceutically acceptable salt thereof,
wherein:

each occurrence of R is independéntly selected from hydrogen, halogen, -OR?, CN,
substituted or unsubstituted C;.¢ alkyl, substituted or unsubstituted C, ¢ alkenyl, substituted or
unsubstituted Cy.¢ alkynyl, substituted or unsubstituted Cs.g cycloalkyl, and substituted or

unsubstituted heterocyclic group;

R! and R? may be the same or different and are independently selected from
hydrogen, halogen, and substituted or unsubstituted C,¢ alkyl or both R' and R* directly
bound to a common atom, may be joined to form an oxo group (=O) or may be joined to form
a substituted or unsubstituted saturated or unsaturated 3-10 member ring (including the
common atom to which R! and R? are directly bound), which may optionally include one or

more heteroatoms which may be the same or different and are selected from O, NR? and S;

Cy' is a monocyclic group selected from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyclic group, substituted or unsubstituted aryl and

substituted or unsubstituted heteroaryl;
each occurrence of X is independently selected from CR> or N;

each occurrence of R® is independently selected from hydrogen, hydroxy, halogen,
carboxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted cycloalkylalkyl, substituted or unsubstituted
cycloalkenylalkyl substituted or unsubstituted cycloalkenyl, substituted or unsubstituted
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heteroaryl, substituted or unsubstituted heteroarylalkyl, substituted or unsubstituted
heterocyclic ring, substituted heterocyclylalkyl ring, substituted or unsubstituted guanidine, —
COOR*, -C(O)R*, -C(S)R*, -C(O)NR'R’, -C(O)ONR*R’, -NR'R’, -NR*CONR’R? -
N(R)SOR’, -N(R"SORY, -(=N-N[R"R’), - NR*C(O)OR’, -NR'RY, -NR*C(O)R’-,
NR'C(S)R’ -NR*C(S)NR'R*, -SONR'R’-, -SO,NR'R’-, -OR*, -OR*C(O)NR’R’
OR*C(O)OR’-, -OC(O)R*, -OC(O)NR'R’, - R*NR'’C(O)R’, -R*OR’, -R*C(O)OR’, -
R*C(O)NR’R?, -R*C(O)R*, -R*OC(O)R’, -SR*, -SOR*, -SO,R”, and -ONO,, wherein R*, RY

and R” in each of the above groups can be hydrogen, substituted or unsubstituted alkyl,

substituted or unsubstituted alkoxy, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkylalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted heteroarylalkyl, substituted or unsubstituted heterocyclic ring, substituted or
unsubstituted heterocyclylalkyl ring, or substituted or unsubstituted amino, or any two of R,
R’ and R” may be joined to form a substituted or unsubstituted saturated or unsaturated 3-10
membered ring, which may optionally include heteroatoms which may be the same or
different and are selected from O, NR* (e.g., R* can be hydrogen or substituted or

unsubstituted alkyl) or S.
n is an integer from 1 to 4; and
qis 0, 1 or2.

[43] Yet another embodiment is a compound having the formula (IA-I), (IA-
II), (JA-III) or (IA-IV) wherein R is selected from hydrogen, halogen, substituted or
unsubstituted C.¢ alkyl or OR".

[44] Yet another embodiment is a compound having the formula (IA-I), (IA-
II), (IA-III) or (IA-IV) wherein R is selected from hydrogen, halogen or OR®.

[45] Yet another embodiment is a compound having the formula (IA-I), (TA-
1I), (IA-IIX) or (IA-IV) wherein Cy1 is selected from

000050 0,
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[46] Yet another embodiment is a compound having the formula (IA-I), (IA-
II), (IA-IIT) or (IA-IV) wherein n is 1.

[47] Yet another embodiment is a compound having the formula (IA-I), (IA-
II), (IA-IIT) or (IA-IV) wherein R! and R? independently represent hydrogen or substituted
or unsubstituted C;.¢ alkyl.

[48] Yet another embodiment is a compound having the formula (IA-II)
wherein R? is selected from iodo, cyano, substituted or unsubstituted alkynyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[49] Yet another embodiment is a compound having the formula (IA-II)
wherein R is selected from substituted or unsubstituted alkynyl, substituted or unsubstituted

aryl, and substituted or unsubstituted heteroaryl.

[50] Yet another embodiment is a compound having the formula (IA-II)

wherein R? is selected from

X

> &/ o 0 [a o4
@ oD o P B
O R R* (R%o4 (R%)o4
b bR Y B R
N N
@ W
(R")M R )0-4 (R“)N (R* )04 R4 RY%4  RYy R
—X
X, Xsx x ,{x X
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XM XN R N TN e TR RN
x=X, s x'x Q Q Q x1
1 X X
X/ Q /
7\/( — H \ AN x 3
X:X' X =X
X= x"\{ X= 7= R /{ RANXS
% X
X @ = = / B
AR A R
(R4 (R*ou (;;4),,4 (R%04 R“)u.4 R“)o_4 <R“)o4 (R‘)o.a
X~
X< X x>
\8\ \\
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wherein
each occurrence of X is independently CR* or N;
X'is O, S, or NR* and

each occurrence of R* is independently selected from hydrogen, hydroxy, halogen,
carboxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted cycloalkylalkyl, substituted or unsubstituted
cycloalkenylalkyl substituted or unsubstituted cycloalkenyl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heteroarylalkyl, substituted or unsubstituted
heterocyclic ring, substituted heterocyclylalkyl ring, substituted or unsubstituted guanidine, —
COOR*, -C(O)R*, -C(S)R*, -C(O)NR'R’, -C(O)ONR'R’, -NR'R? -NR*CONR’R?
N(R*SORY, -N(R"SO,R’, -(=N-N(R®RY), - NR*C(O)OR’, -NR*RY, -NR*C(O)R’-,
NR*C(S)RY -NR*C(S)NR'R?*, -SONR'R’-, -SO,NR*R’-, -OR*, -OR*C(O)NR'R?, -
OR*C(O)OR’-, -OC(O)R*, -OC(O)NR'R’Y, - R*NR’C(O)R?, -R*OR’, -R*C(O)OR’, -
R*C(O)NR'R?, -R*C(O)R*, -R*OC(O)R?, -SR*, -SOR*, -SO,R*, and -ONO,, wherein R*, RY

and R* in each of the above groups can be hydrogen, substituted or unsubstituted alkyl,

substituted or unsubstituted alkoxy, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkylalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted heteroarylalkyl, substituted or unsubstituted heterocyclic ring, substituted or
unsubstituted heterocyclylalkyl ring, or substituted or unsubstituted amino, or any two of R*,
RY and R* may be joined to form a substituted or unsubstituted saturated or unsaturated 3-10
membered ring, which may optionally include heteroatoms which may be the same or
different and are selected from O, NR* (e.g., R* can be hydrogen or substituted or
unsubstituted alkyl) or S.

[51] For example, R can be any one of the following:



WO 2011/055215 PCT/1B2010/002804

\
&
&

/
(i
/

CH
'NHSO,CHy NHSOLCH, NHSO,CH; ——

R 0

X N N, N, NN

21



WO 2011/055215 PCT/1B2010/002804

[52] Yet another embodiment is a compound having the formula (IA-II)

wherein R3 is selected from

R e A R PRt t s e v e s R e IV oo d
23 FQ LR o, 5 B K,
S, mid S, @b»@m@ S S
,@ ,ﬂ;m;@,»ﬁ:'*%iﬁ,ﬁ%ﬁfﬁfcéfik, 551
S=a QG o QN s
g rd* - QO {j i
H8 OQ d £ * B S
G & &nﬁ” QCJ; Qo\s’q
£ p 44

’ﬂ/N?j %Meo MH

: %CS o ¢
. \ s” ,Me0 o) FHCO  gnd cHo,
[53] Yet another embodiment is a compound having the formula (IA-I), (IA-

II), (JA-IOI) and (TIA-IV) wherein X is CR? and each occurrence of R? is independently
hydrogen, halogen, hydroxyl or NH,.

z
z\

[54] Yet another embodiment is a compound of formula (IA-V)
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(IA-V)

or a pharmaceutically acceptable salt thereof, wherein

PCT/1B2010/002804

R, R, R% R? and X are as defined above with respect to any of formulas (I), (I-A) ,

(I-B) ,XA-I) and (IA-ID);

each occurrence of R’ is hydrogen, C;¢ alkyl or halogen; and

pis0,1,2,3,40r5.

[55] Yet another embodiment is

wherein n is 0.

[56] Yet another embodiment is

wherein n is 1 and R is halogen (such as fluoro).

[57] Yet another embodiment is

wherein p is 0.

[58] Yet another embodiment is

wherein p is 1 and R’ is 3-fluoro or 2-methyl.

[59] Yet another embodiment is

wherein R is methyl and R? is hydrogen.

[60] Yet another embodiment is

wherein R’ is ethyl and R? is hydrogen.
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[61] Yet another embodiment is a compound having the formula (IA-V)

wherein R' and R? are hydrogen.

[62] Yet another embodiment is a compound having the formula (IA-V)

wherein R® is.

HO: N=
= V 4 # y HO
RSl S TSRS S ‘@5 5 S 1
OMey  OHy g OH g H ,HO sHO Yy ’ s F 9 OHgMeO" s S ’

LA RS et S T B S LS
T ol a5 T S S et S

o o qg
& Bt G Gg 8580, 3

[63] Yet another embodiment is a compound having the formula (IA-V)
wherein X is C-H, C-F, C-Cl, C-NH; or C-OH.

[64] Further preferred is a compound having the formula (IA-V) wherein X is
C-H.
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[65] Yet another embodiment is a compound of formula (IA-VI)

(IA-VD)

or a pharmaceutically acceptable salt thereof, wherein

R, R}, R? and X are as defined above with respect to any of formulas (I), (I-A), (I-B)

and (TA-III);

each occurrence of R® is hydrogen, Cj.¢ alkyl or halogen; and

pis0,1,2,3,4o0r5.

[66] Yet another embodiment is

wherein n is 0.

[67] Yet another embodiment is

wherein n is 1 and R is halogen (such as fluoro).

[68] Yet another embodiment is

wherein p is 0.

[69] Yet another embodiment is

wherein p is 1 and R’ is 3-fluoro or 2-methyl.

[70] Yet another embodiment is

wherein R is methyl and R? is hydrogen.
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[71] Yet another embodiment is a compound having the formula (TA-VI)
wherein R’ is ethyl and R? is hydrogen.

[72] Yet another embodiment is a compound having the formula (IA-VI)

wherein R and R* are hydrogen.

[73] Yet another embodiment is a compound having the formula (IA-VI)
wherein each occurrence of X is independently selected from C-H, C-F, C-Cl, C-NH, or C-
OH.

[74] Further preferred is a compound having the formula (IA-VI) wherein X is

[75] Representative compounds of the present invention include those specified
below (including in Table 1) and pharmaceutically acceptable salts thereof. The present

invention should not be construed to be limited to them.
2-[(6-Amino-9H-purin-9-yl) methyl]-6-bromo-3-phenyl-4H-chromen-4-one;
6-Bromo-2-(morpholinomethyl)-3-phenyl-4H-chromen-4-one;
6-Bromo-2-(morpholinomethyl)-3-phenyl-4H-chromen-4-one hydrochloride;
2-[(6-Amino-9H-purin-9-yl) methyl]-3-phenyl-4H-chromen-4-one;
2-(Morpholinomethyl)-3-phenyl-4H-chromen-4-one;
2-(Morpholinomethyl)-3-phenyl-4H-chromen-4-one hydrochloride;
2-[(1H-Benzo[d]imidazol-1-yl) methyl]-6-bromo-3-phenyl-4H-chromen-4-one;
6-Bromo-2-[(4-methyl-1H-benzo[d]imidazol-1-yl) methyl]-3-phenyl-4H-chromen-4-one;
2-[(1H-benzo[d]imidazol-1-yl) methyl]-3-phenyl-4H-chromen-4-one;
2-[(4-methyl-1H-benzo[d]imidazol-1-yl)methyl]-3-phenyl-4H-chromen-4-one;
2-[(6-Chloro-9H-purin-9-yl)methyl]-3-phenyl-4H-chromen-4-one;

6-Bromo-2-[(6-chloro-9H-purin-9-yl)methyl]-3-phenyl-4H-chromen-4-one;
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2-((9H-Purin-6-ylthio)methyl)-3-phenyl-4H-chromen-4-one;
2-[(1H-Imidazol-1-yl)methyl]-3-phenyl-4H-chromen-4-one ;
2-[(9H-Purin-6-ylthio)methyl]-6-bromo-3-phenyl-4H-chromen-4-one ;

2-((4-Amino-1H-pyrazolo[3,4-d]pyrimidin- 1-yl)methyl)-6-bromo-3-phenyl-4H-chromen-4-

one ;
2-[(6-Amino-9H-purin-9-yl)methyl]-6-bromo-3-(4-fluorophenyl)-4H-chromen-4-one ;
2-[(6-Amino-9H-purin-9-yl)methyl]-3-(4-fluorophenyl)-4H-chromen-4-one ;
6-Bromo-3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one ;
6-Bromo-3-(4-fluorophenyl)-2-(morpholinomethyl)-4 H-chromen-4-one hydro chloride;
3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one ;
3-(4-fluorophenyl)-2-(morpholinomethyl)-4H-chromen-4-one hydrochloride ;
2-[(6-Amino-9H-purin-9-yl)methyl]-6-bromo-3-o-tolyl-4H-chromen-4-one;

7-[(6-Bromo-4-oxo-3-phenyl-4H-chromen-2-yl)methyl]-1,3-dimethyl- 1 H-purine-
2,6(3H,7H)-dione;

2-(1-(6-Amino-9H-purin-9-yl)ethyl)-6-bromo-3-phenyl-4H-chromen-4-one;
2-(1-(9H-Purin-6-ylthio)ethyl)-6-bromo-3-phenyl-4H-chromen-4-one;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-phenyl-4H-chromen-4-one;
(S)-2-(1-(9H-purin-6-ylamino)ethyl)-6-bromo-3-phenyl-4H-chromen-4-one ;
2-((9H-purin-6-ylamino)methyl)-6-bromo-3-phenyl-4H-chromen-4-one ;

2-(1-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-6-bromo-3-phenyl-4H-chromen-4-

one ;
2-((6-Amino-9H-purin-9-yl)methyl)-6-methoxy-3-phenyl-4H-chromen-4-one;

2-(1-(6-Amino-9H-purin-9-yl)ethyl)-6-bromo-3-(2-fluorophenyl)-4H-chromen-4-one;

27



WO 2011/055215 PCT/1B2010/002804

2-((6-Amino-9H-purin-9-yl)methyl)-6-bromo-3-(2-fluorophenyl)-4H-chromen-4-one ;
2-(1-(4-Amino-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-3-phenyl-4H-chromen-4-one ;
2-(1-(6-Amino-9H-purin-9-yl) propyl)-3-phenyl-4H-chromen-4-one;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;
2-((6-Amino-9H-purin-9-yl)methyl)-3-(2-fluorophenyl)-4 H-chromen-4-one ;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-(2-fluorophenyl)-4H-chromen-4-one ;
2-(1-(6-Amino-9H-purin-9-yl)propyl)-3-(2-fluorophenyl)-4H-chromen-4-one;
2-(1-(6-amino-9H-purin-9-yl)propyl)-3-(3-fluorophenyl)-4H-chromen-4-one ;
2-(1-(6-Amino-9H-purin-9-yl)propyl)-3-(4-fluorophenyl)-4H-chromen-4-one ;
2-(1-(6-amino-9H-purin-9-yl)propyl)-6-fluoro-3-phenyl-4H-chromen-4-one;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-(4-fluorophenyl)-4H-chromen-4-one;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-6-fluoro-3-phenyl-4H-chromen-4-one;

2-(1-(4-Amino-3-(3-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin- 1-yl)ethyl)-3-phenyl-4H-

chromen-4-one;

2-(1-(4-Amino-3-(3-hydroxyphenyl)- 1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-3-phenyl-4H-

chromen-4-one;
2-((9H-purin-6-ylamino)methyl)-3-phenyl-4H-chromen-4-one;
2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-o-tolyl-4H-chromen-4-one;
2-((9H-purin-6-ylamino)methyl)-3-(2-fluorophenyl)-4H-chromen-4-one;
2-((9H-purin-6-ylamino)methyl)-3-(3-fluorophenyl)-4H-chromen-4-one;
(S)-2-(1-(9H-purin-6-ylamino)ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(6-amino-9H-purin-9-yl)ethyl)-6-fluoro-3-(2-fluorophenyl)-4H-chromen-4-one;
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2-(1-(6-Amino-9H-purin-9-yl)ethyl)-3-(3,5-difluorophenyl)-4H-chromen-4-one;
2-(1-(6-amino-9H-purin-9-yl)ethyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-((4-Amino-3-(3-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-

4H-chromen-4-one;

2-((4-Amino-3-(3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-

4H-chromen-4-one;

2-((4-amino-3-(3-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
(R)-2-(1-(9H-purin-6-ylamino) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;
(S)-2-(1-(9H-purin-6-ylamino) ethyl)-6-fluoro-3-phenyl-4H-chromen-4-one;

2-((4-Amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-chromen-4-

one;

2-(1-(4-amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-phenyl-4H-chromen-4-

one;

2-(1-(4-amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-fluorophenyl)-4H-

chromen-4-one;

2-((4-amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-6-fluoro-3-phenyl-4H-

chromen-4-one;
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2-(1-(4-amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-6-fluoro-3-phenyl-4H-

chromen-4-one;

2-(1-(4-amino-3-iodo-1H-pyrazolo  [3, 4-d] pyrimidin-1-yl) ethyl)-6-fluoro-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-iodo-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) propyl)-3-(3-fluorophenyl)-4H-

chromen-4-one;

2-((4-amino-3-(pyridin-3-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one;

2-((4-amino-3-(3-hydroxyprop-1-ynyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
phenyl-4H-chromen-4-one;

2~((4-amino-3-(1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one;

2-((4-amino-3-(3-(hydroxymethyl) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
phenyl-4H-chromen-4-one;

2-((4-amino-3-(1H-indazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one;

2-((4-amino-3-(3-fluorophenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one

2-((4-amino-3-(3-hydroxypropyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-

4H-chromen-4-one;

N-(3-(4-amino-1-((4-oxo-3-phenyl-4H-chromen-2-yl)  methyl)-1H-pyrazolo [3, 4-d]
pyrimidin-3-yl) phenyl) acetamide;

2-((4-amino-3-(3-fluoro-5-methoxyphenyl)- 1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-

phenyl-4H-chromen-4-one;

2-((4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-

phenyl-4H-chromen-4-one;
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2-((4-amino-3-(3-fluoro-5-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-phenyl-4H-

chromen-4-one;

2-(1-(4-amino-3-(1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-phenyl-4H-

chromen-4-one;

2-(1-(4-amino-3-(3-hydroxy-3-methylbut-1-ynyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
(S)-2-(1-(9H-purin-6-ylamino) ethyl)-3-phenyl-4H-chromen-4-one;
(S)-2-(1-(9H-purin-6-ylamino) ethyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one;

2-(1-(4-amino-3-(3-fluoro-5-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(1H-indazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 5-dimethyl-1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-(hydroxymethyl) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-fluoro-3-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-fluoro-3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-hydroxyprop-1-ynyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-fluoro-4-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-fluoro-4-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-chloro-5-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-chloro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-(trifluoromethoxy) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-((6-amino-9H-purin-9-yl) methyl)-3-(3-fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(4-fluoro-2-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-fluoro-2-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-aminophenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-phenyl-4H-

chromen-4-one;

2-((4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(2-aminopyrimidin-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(1H-indol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-chloro-3-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-chloro-3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-chloro-5-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-chloro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 4-dimethoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 4-dihydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(1H-indol-5-yl)-1H-pyrazolo  [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-0ne;

2-(1-(4-Amino-3-(3-methyl-1H-indol-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

tert-butyl-(5-(4-amino-1-(1-(3-(3-fluorophenyl)-4-oxo-4H-chromen-2-yl) ethyl)-1H-pyrazolo
[3, 4-d] pyrimidin-3-yl) thiophen-2-yl) methylcarbamate

2-(1-(4-amino-3-(5-(aminomethyl) thiophen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-6-

fluoro-3-phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-6-
fluoro-3-phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

N-(4-(4-amino-1-(1-(3-(3-fluorophenyl)-4-oxo-4H-chromen-2-yl) ethyl)-1H-pyrazolo [3, 4-d]
pyrimidin-3-yl) phenyl) acetamide;

2-(1-(4-amino-3-(4-aminophenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-6-
fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2, 3-dihydrobenzofuran-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-ethyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(3-methyl-1H-indol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-methoxypyrimidin-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

4-(4-amino-1-(1-(3-(3-fluorophenyl)-4-oxo-4H-chromen-2-yl) ethyl)-1H-pyrazolo [3, 4-d]
pyrimidin-3-yl) thiophene-2-carbaldehyde;

2-(1-(4-amino-3-(5-(hydroxymethyl) thiophen-3-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-methyl-1H-benzo[d]imidazol-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) propyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methyl-1H-indol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
2-((6-amino-9H-purin-9-yl) methyl)-6-fluoro-3-phenyl-4H-chromen-4-one;
2-((6-amino-9H-purin-9-yl) methyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-fluoro-5-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-6-
fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3-fluoro-5-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-6-
fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-6-fluoro-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-6-fluoro-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-((9H-purin-6-ylamino) methyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;
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2-((9H-purin-6-ylamino) methyl)-6-fluoro-3-phenyl-4H-chromen-4-one;
(R)-2-(1-(9H-purin-6-ylamino) ethyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) methyl)-6-fluoro-3-
phenyl-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 5-difluoro-4-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 5-difluoro-4-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3, 5-difluoro-4-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
methyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

2-((4-amino-3-(3, 5-difluoro-4-hydroxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
methyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-one;

(+)-2-(1-(4-amino-3-(3-methyl-1H-indazol-6-yl)- 1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

(-)-2-(1-(4-amino-3-(3-methyl-1H-indazol-6-y1)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 5-dimethoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-methoxy-3, S-dimethylphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2-fluoro-5-isopropoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2, 3-dihydrobenzo[b] [1, 4] dioxin-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-
yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(1-benzyl- 1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(2-methylpyridin-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 4-dihydro-2H-benzo[b] [1, 4] dioxepin-7-yl)-1H-pyrazolo [3, 4-d]
pyrimidin-1-yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(6-morpholinopyridin-3-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(dibenzo [b, d] furan-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-(benzyloxy)-3-chlorophenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-chloro-4-isopropoxyphenyl)- 1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-(dimethylamino) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-ethoxy-3-fluorophenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-isopropoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-(trifluoromethoxy) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(3-(4-acetylphenyl)-4-amino-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-(benzyloxy) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(4-(dimethylamino) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(4-(methylsulfonyl) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-ethoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(benzo[b]thiophen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(5-chlorothiophen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3, 5-dimethylisoxazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-propoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(furan-2-yl)- 1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-fluorophenyl)-

4H-chromen-4-one;

2-(1-(4-amino-3-(4-ethoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-chloro-4-methoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-fluoro-4-isopropoxyphenyl)- 1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(6-fluoropyridin-3-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(pyrimidin-5-yl)-1H-pyrazolo  [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(3-(methoxymethyl) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(6-hydroxynaphthalen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-isopropoxyphenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-
fluorophenyl)-4H-chromen-4-one;

1

2-(1-(4-amino-3-(1-methyl-1H-pyrazol-4-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

6-Fluoro-3-(3-fluorophenyl)-2-(1-(4-methoxyphenylamino) ethyl)-4H-chromen-4-one;

2-(1-(4-Chloro-7H-pyrrolo [2, 3-d] pyrimidin-7-yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-

one;

2-(1-(4-Chloro-1H-pyrazolo [3, 4-b] pyridin-1-yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-

one;

2-(1-(4-Chloro-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-

4-one;

2-(1-(4-Chloro-5H-pyrrolo [3, 2-d] pyrimidin-5-yl) ethyl)-3-(3-fluorophenyl)-4H-chromen-4-

one;

2-(1-(4-amino-3-(1, 3-dimethyl-1H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(2, 3-dimethyl-2H-indazol-6-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(6-methoxynaphthalen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(benzo[b]thiophen-3-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;
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2-(1-(4-amino-3-(2, 4-dimethoxypyrimidin-5-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-
3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(6-ethoxynaphthalen-2-yl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-(3-

fluorophenyl)-4H-chromen-4-one;

3-(4-amino-1-(1-(3-(3-fluorophenyl)-4-oxo-4H-chromen-2-yl) ethyl)-1H-pyrazolo [3, 4-d]
pyrimidin-3-y1)-N-cyclopropylbenzamide;

2-(1-(4-amino-3-(3-(morpholine-4-carbonyl) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl)
ethyl)-3-(3-fluorophenyl)-4H-chromen-4-one;

2-(1-(4-amino-3-(3-(difluoromethoxy) phenyl)-1H-pyrazolo [3, 4-d] pyrimidin-1-yl) ethyl)-3-
(3-fluorophenyl)-4H-chromen-4-one;and

5-(4-amino-1-(1-(3~(3-fluorophenyl)-4-oxo-4H-chromen-2-yl) ethyl)-1H-pyrazolo [3, 4-d]
pyrimidin-3-yl) furan-2-carbaldehyde;

and pharmaceutically acceptable salts thereof
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[76] Yet another embodiment of the present invention is a method for inhibiting

PI3K in a patient by administering to the patient an effective amount of at least one
compound of the present invention (for instance, a compound of formula (I), (I-A), (I-B),
(TA-I), (TA-II) (TA-III), (TA-IV), (IA-V) or (TA-VI) as defined above).

[77] Yet another embodiment of the present invention is a method for treating a
proliferative disease via modulation of a protein kinase (such as PI3K) by administering to a

patient in need of such treatment an effective amount of at least one compound of the present
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invention. In one embodiment, the compound of the present invention inhibits a protein
kinase (such as PI3K).

[78] Yet another embodiment of the present invention is a method for treating a
proliferative disease via modulation of a protein kinase (such as PI3K) by administering to a
patient in need of such treatment an effective amount of at least one compound of the present
invention, in combination (simultaneously or sequentially) with at least one other anti-cancer
agent. In one embodiment, the compound of formula (I), (I-A), (I-B), (IA-I), (IA-II), (TA-
III), (TA-IV),(IA-V) or (IA-VI) inhibits a protein kinase (such as PI3K).

[79] More particularly, the compounds of formula ((I), (I-A), (I-B), (IA-I),
(TA-II), (IA-IOI), (IA-IV), AA-V) or (JA-VI)and pharmaceutically acceptable esters or salts
thereof can be administered for the treatment, prevention and/or amelioration of PI3K and
related protein kinase mediated diseases or disorders, including but not limited to, cancer and

other proliferative diseases or disorders.

[80] The compounds of the present invention are useful in the treatment of a

variety of cancers, including, but not limited to, the following:

. carcinoma, including that of the bladder, breast, colon, kidney, liver, lung,
including small cell lung cancer, esophagus, gall bladder, ovary, pancreas,
stomach, cervix, thyroid, prostate, and skin, including squamous cell

carcinoma;

= hematopoietic tumors of lymphoid lineage, including leukemia, acute
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-
cell lymphoma, Hodgkin’s lymphoma, non-Hodgkins lymphoma, hairy cell
lymphoma and Burkett’s lymphoma;

. hematopoietic tumors of myeloid lineage, including acute and chronic

myelogenous leukemias, myelodysplastic syndrome and promyelocytic

leukemia;
. tamors of mesenchymal origin, including fibrosarcoma  and
rhabdomyosarcoma;
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= tumors of the central and peripheral nervous system, including astrocytoma,

neuroblastoma, glioma and schwannomas; and

. other tumors, including melanoma, seminoma, teratocarcinoma, osteosarcoma,
xenoderoma pigmentosum, keratoctanthoma, thyroid follicular cancer and

Kaposi’s sarcoma.

[81] Due to the key role of protein kinases in the regulation of cellular
proliferation in general, the protein kinase inhibitors of the present invention could act as
reversible cytostatic agents which may be useful in the treatment of any disease process
which features abnormal cellular proliferation, e.g., benign prostatic hyperplasia, familial
adenomatosis polyposis, neuro-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis,
psoriasis, glomerulonephritis, restenosis following angioplasty or vascular surgery,
hypertrophic scar formation, inflammatory bowel disease, transplantation rejection, endotoxic

shock, and fungal infections.

[82] The compounds of the present invention as modulators of apoptosis are
useful in the treatment of cancer (including but not limited to those types mentioned herein
above), viral infections (including but not limited to herpevirus, poxvirus, Epstein-Barr virus,
Sindbis virus and adenovirus), prevention of AIDS development in HIV-infected individuals,
autoimmune diseases (including but not limited to systemic lupus, erythematosus,
autoimmune mediated glomerulonephritis, rheumatoid arthritis, psoriasis, inflammatory
bowel disease, and autoimmune diabetes mellitus), neurodegenerative disorders (including
but not limited to Alzheimer’s disease, AIDS-related dementia, Parkinson’s disease,
amyotrophic lateral sclerosis, retinitis pigmentosa, spinal muscular atrophy and cerebellar
degeneration), myelodysplastic syndromes, aplastic anemia, ischemic injury associated with
myocardial infarctions, stroke and reperfusion injury, arrhythmia, atherosclerosis, toxin-
induced or alcohol related liver diseases, hematological diseases (including but not limited to
chronic anemia and aplastic anemia), degenerative diseases of the musculoskeletal system
(including but not limited to osteoporosis and arthritis) aspirin-sensitive rhinosinusitis, cystic

fibrosis, multiple sclerosis, kidney diseases and cancer pain.

[83] The compounds of present invention can modulate the level of cellular

RNA and DNA synthesis. These agents are therefore useful in the treatment of viral
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infections (including but not limited to HIV, human papilloma virus, herpesvirus, poxvirus,

Epstein-Barr virus, Sindbis virus and adenovirus).

[84] The compounds of the present invention are useful in the chemoprevention
of cancer. Chemoprevention is defined as inhibiting the development of invasive cancer by
either blocking the initiating mutagenic event or by blocking the progression of pre-malignant
cells that have already suffered an insult or inhibiting tumor relapse. The compounds are also
useful in inhibiting tumor angiogenesis and metastasis. One embodiment of the invention is a
method of inhibiting tumor angiogenesis or metastasis in a patient in need thereof by

administering an effective amount of one or more compounds of the present invention.

[85] Another embodiment of the present invention is a method of treating an
immune system-related disease (e.g., an autoimmune disease), a disease or disorder involving
inflammation (e.g., asthma, chronic obstructive pulmonary disease, rheumatoid arthritis,
inflammatory bowel disease, glomerulonephritis, neuroinflammatory diseases, multiple
sclerosis, uveitis and disorders of the immune system), cancer or other proliferative disease, a
hepatic disease or disorder, a renal disease or disorder. The method includes administering

an effective amount of one or more compounds of the present invention.

[86] Examples of immune disorders include psoriasis, rheumatoid arthritis,
vasculitis, inflammatory bowel disease, dermatitis, osteoarthritis, asthma, inflammatory
muscle disease, allergic rhinitis, vaginitis, interstitial cystitis, scleroderma, osteoporosis,
eczema, allogeneic or xenogeneic transplantation (organ, bone marrow, stem cells and other
cells and tissues) graft rejection, graft-versus-host disease, lupus erythematosus,
inflammatory disease, type I diabetes, pulmonary fibrosis, dermatomyositis, Sjogren’s
syndrome, thyroiditis (e.g., Hashimoto’s and autoimmune thyroiditis), myasthenia gravis,
autoimmune hemolytic anemia, multiple sclerosis, cystic fibrosis, chronic relapsing hepatitis,

primary biliary cirrhosis, allergic conjunctivitis and atopic dermatitis.

[87] In one embodiment, the compounds described herein are used as
immunosuppresants to prevent transplant graft rejections, allogeneic or xenogeneic
transplantation rejection (organ, bone marrow, stem cells, other cells and tissues), and graft -
versus - host disease. In other embodiments, transplant graft rejections result from tissue or
organ transplants. In further embodiments, graft-versus-host disease results from bone

marrow or stem cell transplantation. One embodiment is a method of preventing or
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decreasing the risk of transplant graft rejection, allogeneic or xenogeneic transplantation
rejection (organ, bone marrow, stem cells, other cells and tissues), or graft - versus - host
disease by administering an effective amount of one or more compounds of the present

invention.

[88] The compounds of the present invention are also useful in combination
(administered together or sequentially) with known anti-cancer treatments such as radiation
therapy or with cytostatic or cytotoxic or anticancer agents, such as for example, but not
limited to, DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase I
inhibitors, such as etoposide; topoisomerase I inhibitors such as CPT-11 or topotecan; tubulin
interacting agents, such as paclitaxel, docetaxel or the epothilones (for example ixabepilone),
either naturally occurring or synthetic; hormonal agents, such as tamoxifen; thymidilate
synthase inhibitors, such as 5-fluorouracil; and anti-metabolites, such as methotrexate, other
tyrosine kinase inhibitors such as Iressa and OSI-774; angiogenesis inhibitors; EGF
inhibitors; VEGF inhibitors; CDK inhibitors; SRC inhibitors; c-Kit inhibitors; Herl/2
inhibitors and monoclonal antibodies directed against growth factor receptors such as erbitux

(EGF) and herceptin (Her2) and other protein kinase modulators as well.

[89] The compounds of the present invention are also useful in combination
(administered together or sequentially) with one or more steroidal anti-inflammatory drugs,
non-steroidal anti-inflammatory drugs (NSAIDs) or Immune Selective Anti-Inflammatory
Derivatives (ImSAIDs).

[90] The invention further provides a pharmaceutical composition comprising
one or more compounds of the present invention (such as a compound having formula (I), (I-
A), (I-B), (dA-I), (IA-II), (TA-IID), (TA-IV), (IA-V) or (IA-VI)) together with a
pharmaceutically acceptable carrier. The pharmaceutical composition may further comprise
one or more of the active ingredients identified above, such as other anti-cancer agents. In
one embodiment, the pharmaceutical composition includes a therapeutically effective amount
of one or more compounds of formula (I), (I-A), (I-B), IA-I), (IA-II) (IA-III), (IA-IV),
(IA-V) or (IA-VI]).

[91] Yet another embodiment is a method of treating leukemia in a patient in
need thereof by administering a therapeutically effective amount of a compound of the

present invention. For example, the compounds of the present invention are effective for
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treating chronic lymphocytic leukemia (CLL), non-Hodgkin lymphoma (NHL), acute
myeloid leukemia (AML), multiple myeloma (MM), small lymphocytic lymphoma (SLL),
and indolent non-Hodgkin’s lymphoma (I-NHL). '

[92] Yet another embodiment is a method of treating allergic rhinitis in a
patient in need thereof by administering a therapeutically effective amount of a compound of

the present invention.

DETAILED DESCRIPTION

[93] As used herein the following definitions shall apply unless otherwise
indicated. Further many of the groups defined herein can be optionally substituted. The
listing of substituents in the definition is exemplary and is not to be construed to limit the

substituents defined elsewhere in the specification.

[94] The term “alkyl” refers to a straight or branched hydrocarbon chain radical
consisting solely of carbon and hydrogen atoms, containing no unsaturation, having from one
to eight carbon atoms, and which is attached to the rest of the molecule by a single bond, e.g.,
methyl, ethyl, n-propyl, 1-methylethyl (isopropyl), n-butyl, n-pentyl, and 1,1-dimethylethyl
(t-butyl). The term “(Cj.¢)alkyl” refers to an alkyl group as defined above having up to 6

carbon atoms.

[95] The term “alkenyl” refers to an aliphatic hydrocarbon group containing a
carbon-carbon double bond and which may be a straight or branched or branched chain
having about 2 to about 10 carbon atoms, e.g., ethenyl, 1-propenyl, 2-propenyl (allyl), iso-
propenyl, 2-methyl-1-propenyl, 1-butenyl, and 2-butenyl. The term “(Cy.¢)alkenyl” refers to

an alkenyl group as defined above having up to 6 carbon atoms.

[96] The term “alkynyl” refers to a straight or branched chain hydrocarbyl
radical having at least one carbon-carbon triple bond, and having in the range of 2 to up to 12
carbon atoms (with radicals having in the range of 2 to up to 10 carbon atoms presently being
preferred) e.g., ethynyl, propynyl, and butnyl. The term “(C,.6) alkynyl” refers to an alkynyl

group as defined above having up to 6 carbon atoms.

[97] The term “alkoxy” denotes an alkyl, cycloalkyl, or cycloalkylalkyl group

as defined above attached via an oxygen linkage to the rest of the molecule. The term
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“substituted alkoxy” refers to an alkoxy group where the alkyl constituent is substituted (i.e.,
-O-(substituted alkyl) wherein the term “substituted alkyl” is the same as defined above for
“alkyl”. For example “alkoxy” refers to the group -O-alkyl, including from 1 to 8 carbon
atoms of a straight, branched, cyclic configuration and combinations thereof attached to the
parent structure through oxygen. Examples include methoxy, ethoxy, propoxy, isopropoxy,

cyclopropyloxy, and cyclohexyloxy.

[98] The term “cycloalkyl” denotes a non-aromatic mono or multicyclic ring
system of about 3 to 12 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl. Examples of multicyclic éycloalkyl groups include perhydronaphthyl, adamantyl
and norbornyl groups, bridged cyclic groups, and sprirobicyclic groups, e.g., sprio (4,4) non-
2-yl. The term “(Cs.g) cycloalkyl” refers to a cycloalkyl group as defined above having up to

8 carbon atoms.

[99] The term ‘“cycloalkylalkyl” refers to a cyclic ring-containing radical
containing in the range of about 3 up to 8 carbon atoms directly attached to an alkyl group
which are then attached to the main structure at any carbon from the alkyl group that results
in the creation of a stable structure such as cyclopropylmethyl, cyclobutylethyl, and

cyclopentylethyl.

[100] The term ‘“cycloalkenyl” refers to cyclic ring-containing radicals
containing in the range of about 3 up to 8 carbon atoms with at least one carbon-carbon
double bond such as cyclopropenyl, cyclobutenyl, and cyclopentenyl. = The term
“cycloalkenylalkyl” refers to a cycloalkenyl group directly attached to an alkyl group which
are then attached to the main structure at any carbon from the alkyl group that results in the

creation of a stable structure.

[101] The term “aryl” refers to aromatic radicals having in the range of 6 up to

20 carbon atoms such as phenyl, naphthyl, tetrahydronaphthyl, indanyl, and biphenyl.

[102] The term “arylalkyl” refers to an aryl group as defined above directly
bonded to an alkyl group as defined above, e.g., -CH2CsHs and -CoH5CgHs.

[103] The term “heterocyclic ring” refers to a non-aromatic 3 to 15 member ring
radical which consists of carbon atoms and at least one heteroatom selected from nitrogen,

phosphorus, oxygen and sulfur. For purposes of this invention, the heterocyclic ring radical
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may be a mono-, bi-, tri- or tetracyclic ring system, which may include fused, bridged or spiro
ring systems, and the nitrogen, phosphorus, carbon, oxygen or sulfur atoms in the
heterocyclic ring radical may be optionally oxidized to various oxidation states. In addition,
the nitrogen atom may be optionally quaternized. The heterocyclic ring radical may be
attached to the main structure at any heteroatom or carbon atom that results in the creation of

a stable structure.

[104] The term “heterocyclyl” refers to a heterocylic ring radical as defined
above. The heterocylcyl ring radical may be attached to the main structure at any heteroatom

or carbon atom that results in the creation of a stable structure.

[105] The term “heterocyclylalkyl” refers to a heterocylic ring radical as defined
above directly bonded to an alkyl group. The heterocyclylalkyl radical may be attached to the
main structure at carbon atom in the alkyl group that results in the creation of a stable
structure. Examples of such heterocycloalkyl radicals include, but are not limited to,
dioxolanyl, thienyl[1,3]dithianyl, decahydroisoquinolyl, imidazolinyl, imidazolidinyl,
isothiazolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl, 2-
oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-
piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl,
trithianyl, tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl, 1-oxo-thiomorpholinyl, and

1,1-dioxo-thiomorpholinyl.

[106] The term “heteroaryl” refers to an optionally substituted 5 to 14 member
aromatic ring having one or more heteroatoms selected from N, O, and S as ring atoms. The
heteroaryl may be a mono-, bi- or tricyclic ring system. Examples of such “heterocyclic ring”
or “heteroaryl” radicals include, but are not limited to, oxazolyl, thiazolyl, imidazolyl,
pyrrolyl, furanyl, pyridinyl, pyrimidinyl, pyrazinyl, benzofuranyl, indolyl, benzothiazolyl,
benzoxazolyl, carbazolyl, quinolyl , isoquinolyl, azetidinyl, acridinyl, benzodioxolyl,
benzodioxanyl, benzofuranyl, carbazolyl, cinnolinyl, dioxolanyl, indolizinyl, naphthyridinyl,
perhydroazepinyl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl,
purinyl, quinazolinyl, quinoxalinyl, tetrazoyl, tetrahydroisoquinolyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxoazepinyl, azepinyl, 4-
piperidonyl, pyrrolidinyl, pyridazinyl, oxazolinyl, oxazolidinyl, triazolyl, indanyl, isoxazolyl,
isoxazolidinyl, morpholinyl, thiazolinyl, thiazolidinyl, isothiazolyl, quinuclidinyl,
isothiazolidinyl, isoindolyl, indolinyl, isoindolinyl, octahydroindolyl, octahydroisoindolyl,
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decahydroisoquinolyl, benzimidazolyl, thiadiazolyl, benzopyranyl, tetrahydrofuryl,
tetrahydropyranyl, thienyl, benzothienyl, thiamorpholinyl, thiamorpholinyl sulfoxide,
thiamorpholinyl sulfone, dioxaphospholanyl, oxadiazolyl, chromanyl, and isochromanyl.
The heteroaryl ring radical may be attached to the main structure at any heteroatom or carbon
atom that results in the creation of a stable structure. The term “substituted heteroaryl” also
includes ring systems substituted with one or more oxide (-O-) substituents, such as pyridinyl

N-oxides.

[107] The term “heteroarylalkyl” refers to a heteroaryl ring radical as defined
above directly bonded to an alkyl group. The heteroarylalkyl radical may be attached to the

main structure at any carbon atom from alkyl group that results in the creation of a stable

structure.

[108] The term “cyclic ring” refers to a cyclic ring containing 3 to 10 carbon
atoms.

[109] The term “substituted” unless otherwise specified, refers to substitution

with any one or any combination of the following substituents which may be the same or
different and are independently selected from hydrogen, hydroxy, halogen, carboxyl, cyano,
nitro, oxo (=0), thio (=S), substituted or unsubstituted alkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted
or unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted cycloalkylalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted cycloalkenylalkyl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heteroarylalkyl, substituted or unsubstituted
heterocyclic ring, substituted heterocyclylalkyl ring, substituted or unsubstituted guanidine, —
COOR*, -C(O)R*, -C(S)R*, -C(O)NR'R’, -C(O)ONR'R’, -NR'R?, -NR*CONR’R?
N(R"SOR’, -N(R*)SO,R’, -(=N-N(RR’), - NR*C(O)OR’, -NR*R’, -NR*C(O)R’-,
NR*C(S)R* -NR*C(S)NR'R?, -SONR*R’-, -SO,NR'R’-, -OR*, -OR*C(O)NR’R?
OR*C(O)OR’-, -OC(O)R*, -OC(O)NR*R’, - R*NR’C(O)R?, -R*OR’, -R*C(O)OR’, -
R*C(O)NR’R?, -R*C(O)R*, -R*OC(O)R?, -SR*, -SOR*, -SO,R*, and -ONO,, wherein R*, R*

and R® in each of the above groups can be hydrogen, substituted or unsubstituted alkyl,

substituted or unsubstituted alkoxy, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkylalkyl,
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substituted or unsubstituted cycloalkenyl, substituted or unsubstituted amino, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl, substituted or
unsubstituted heterocyclic ring, or substituted heterocyclylalkyl ring, or any two of R*, RY and
R* may be joined to form a substituted or unsubstituted saturated or unsaturated 3-10
membered ring, which may optionally include heteroatoms which may be the same or
different and are selected from O, NR* (e.g., R* can be hydrogen or C;¢ alkyl) or S.
Substitution or the combinations of substituents envisioned by this invention are preferably
those that result in the formation of a stable or chemically feasible compound. The term
stable as used herein refers to the compounds or the structure that are not substantially altered
when subjected to conditions to allow for their production, detection and preferably their
recovery, purification and incorporation into a pharmaceutical composition. The substituents
in the aforementioned “substituted” groups cannot be further substituted. For example, when
the substituent on “substituted alkyl” is “substituted aryl”, the substituent on “substituted
aryl” cannot be “substituted alkenyl”.

[110] The term ‘“halo”, “halide”, or, alternatively, “halogen” means fluoro,
chloro, bromo or iodo. The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy”
include alkyl, alkenyl, alkynyl and alkoxy structures that are substituted with one or more
halo groups or with combinations thereof. For example, the terms “fluoroalkyl” and
“fluoroalkoxy” include haloalkyl and haloalkoxy groups, respectively, in which the halo is

fluorine.

[111] The term “protecting group” or “PG” refers to a substituent that is
employed to block or protect a particular functionality. Other functional groups on the
compound may remain reactive. For example, an “amino-protecting group” is a substituent
attached to an amino group that blocks or protects the amino functionality in the compound.
Suitable amino- protecting groups include, but are not limited to, acetyl, trifluoroacetyl, tert-
butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-fluorenylmethylenoxycarbonyl
(Fmoc). Similarly, a “hydroxy-protecting group” refers to a substituent of a hydroxy group
that blocks or protects the hydroxy functionality. Suitable hydroxy-protecting groups include,
but are not limited to, acetyl and silyl. A “carboxy-protecting group” refers to a substituent of
the carboxy group that blocks or protects the carboxy functionality. Suitable carboxy-
protecting groups include, but are not limited to, -CH,CH,SO,Ph, cyanoethyl, 2-
(trimethylsilyl)ethyl, 2- (trimethylsilyl)ethoxymethyl, - 2-(p-toluenesulfonyl)ethyl, 2-(p-
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nitrophenylsulfenyl)ethyl, 2- (diphenylphosphino)-ethyl, and nitroethyl. For a general
description of protecting groups and their use, see T. W. Greene, Protective Groups in

Organic Synthesis, John Wiley & Sons, New York, 1991.

[112] Certain of the compounds described herein contain one or more
asymmetric centers and can thus give rise to enantiomers, diastereomers, and other
stereoisomeric forms that can be defined, in terms of absolute stereochemistry, as (R)- or (S)-
. The present chemical entities, pharmaceutical compositions and methods are meant to
include all such possible isomers, including racemic mixtures, optically pure forms and
intermediate mixtures. For instance, non-limiting examples of intermediate mixutures
include a mixture of isomers in a ratio of 10:90, 13:87, 17:83, 20:80, or 22:78. Optically
active (R)- and (S)- isomers can be prepared using chiral synthons or chiral reagents, or
resolved using conventional techniques. When the compounds described herein contain
olefinic double bonds or other centers of geometric asymmetry, and unless specified

otherwise, it is intended that the compounds include both E and Z geometric isomers.

[113] The term “tautomers” refers to compounds, which are characterized by
relatively easy interconversion of isomeric forms in equilibrium. These isomers are intended
to be covered by this invention. “Tautomers” are structurally distinct isomers that
interconvert by tautomerization. ‘“Tautomerization” is a form of isomerization and includes
prototropic or proton-shift tautomerization, which is considered a subset of acid-base
chemistry. “Prototropic tautomerization” or “proton-shift tautomerization” involves the
migration of a proton accompanied by changes in bond order, often the interchange of a
single bond with an adjacent double bond. Where tautomerization is possible (e.g. in
solution), a chemical equilibrium of tautomers can be reached. An example of
tautomerization is keto-enol tautomerization. A specific example of keto-enol tautomerization
is the interconversion of pentane-2,4-dione and 4-hydroxypent-3-en-2-one tautomers.
Another example of tautomerization is phenol-keto tautomerization. A specific example of
phenol-keto tautomerization is the interconversion of pyridin-4-ol and pyridin-4(1H)-one

tautomers.

[114] A “leaving group or atom” is any group or atom that will, under the
reaction conditions, cleave from the starting material, thus promoting reaction at a specified
site. Suitable examples of such groups unless otherwise specified are halogen atoms and

mesyloxy, p-nitrobenzensulphonyloxy and tosyloxy groups.
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[115] The term “prodrug” refers to a compound, which is an inactive precursor
of a compound, converted into its active form in the body by normal metabolic processes.
Prodrug design is discussed generally in Hardma, et al. (Eds.), Goodman and Gilman’s The
Pharmacological Basis of Therapeutics, 9th ed., pp. 11-16 (1996). A thorough discussion is
provided in Higuchi, et al., Prodrugs as Novel Delivery Systems, Vol. 14, ASCD Symposium
Series, and in Roche (ed.), Bioreversible Carriers in Drug Design, American Pharmaceutical
Association and Pergamon Press (1987). To illustrate, prodrugs can be converted into a
pharmacologically active form through hydrolysis of, for example, an ester or amide linkage,
thereby introducing or exposing a functional group on the resultant product. The prodrugs can
be designed to react with an endogenous compound to form a water-soluble conjugate that
further enhances the pharmacological properties of the compound, for example, increased
circulatory half-life. Alternatively, prodrugs can be designed to undergo covalent
modification on a functional group with, for example, glucuronic acid, sulfate, glutathione,
amino acids, or acetate. The resulting conjugate can be inactivated and excreted in the urine,
or rendered more potent than the parent compound. High molecular weight conjugates also
can be excreted into the bile, subjected to enzymatic cleavage, and released back into the
circulation, thereby effectively increasing the biological half-life of the originally

administered compound.

[116] The term “ester” refers to a compound, which is formed by reaction
between an acid and an alcohol with elimination of water. An ester can be represented by the

general formula RCOOR’.

[117] These prodrugs and esters are intended to be covered within the scope of

this invention.

[118] Additionally the instant invention also includes the compounds which
differ only in the presence of one or more isotopically enriched atoms for example
replacement of hydrogen with deuterium or tritium, or the replacement of a carbon by 13C_or

14C_enriched carbon.

[119] The compounds of the present invention may also contain unnatural
proportions of atomic isotopes at one or more of atoms that constitute such compounds. For
example, the compounds may be radiolabeled with radioactive isotopes, such as for example

tritium (°H), iodine-125 (**I) or carbon-14 (**C). All isotopic variations of the compounds of

57



WO 2011/055215 PCT/1B2010/002804

the present invention, whether radioactive or not, are encompassed within the scope of the

present invention.

[120] Pharmaceutically acceptable salts forming part of this invention include
salts derived from inorganic bases such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, and Mn; salts of
organic bases such as N,N’-diacetylethylenediamine, glucamine, triethylamine, choline,
hydroxide, dicyclohexylamine, metformin, benzylamine, trialkylamine, and thiamine; chiral
bases such as alkylphenylamine, glycinol, and phenyl glycinol; salts of natural amino acids
such as glycine, alanine, valine, leucine, isoleucine, norleucine, tyrosine, cystine, cysteine,
methionine, proline, hydroxy proline, histidine, omithine, lysine, arginine, and serine;
quaternary ammonium salts of the compounds of invention with alkyl halides, alkyl sulphates
such as Mel and (Me),SO4; non-natural amino acids such as D-isomers or substituted amino
acids; guanidine; and substituted guanidine wherein the substituents are selected from nitro,
amino, alkyl, alkenyl, alkynyl, ammonium or substituted ammonium salts and aluminum
salts. Salts may include acid addition salts where appropriate which are sulphates, nitrates,
phosphates, perchlorates, borates, hydrohalides, acetates, tartrates, maleates, Ccitrates,
fumarates,  succinates, palmoates, methanesulphonates, benzoates, salicylates,

benzenesulfonates, ascorbates, glycerophosphates, and ketoglutarates.

[121] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, all combinations and
subcombinations of ranges and specific embodiments therein are intended to be included. The
term “about” when referring to a number or a numerical range means that the number or
numerical range referred to is an approximation within experimental variability (or within
statistical experimental error), and thus the number or numerical range may vary from, for
example, between 1% and 15% of the stated number or numerical range. The term
“comprising” (and related terms such as “comprise” or “comprises” or “having” or
“including”) includes those embodiments, for example, an embodiment of any composition
of matter, composition, method, or process, or the like, that “consist of” or “consist

essentially of” the described features.

[122] The following abbreviations and terms have the indicated meanings
throughout: PI3-K = Phosphoinositide 3-kinase; PI = phosphatidylinositol; PDK =
Phosphoinositide Dependent Kinase; DNA-PK = Deoxyribose Nucleic Acid Dependent

Protein Kinase; PTEN = Phosphatase and Tensin homolog deleted on chromosome Ten;
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PIKK = Phosphoinositide Kinase Like Kinase; AIDS = Acquired Immuno Deficiency
Syndrome; HIV = Human Immunodeficiency Virus; Mel = Methyl Iodide; POClz =
Phosphorous Oxychloride; KCNS = Potassium IsoThiocyanate; TLC = Thin Layer
Chromatography; MeOH = Methanol; and CHCI; = Chloroform.

[123] Abbreviations used herein have their conventional meaning within the

chemical and biological arts.

{124] The term “cell proliferation” refers to a phenomenon by which the cell
number has changed as a result of division. This term also encompasses cell growth by which
the cell morphology has changed (e.g., increased in size) consistent with a proliferative

signal.

[125] The term “co-administration,” “administered in combination with,” and
their grammatical equivalents, as used herein, encompasses administration of two or more
agents to an animal so that both agents and/or their metabolites are present in the animal at
the same time. Co-administration includes simultaneous administration in separate
compositions, administration at different times in separate compositions, or administration in

a composition in which both agents are present.

[(126] The term “effective amount” or “therapeutically effective amount” refers
to that amount of a compound described herein that is sufficient to effect the intended
application including but not limited to disease treatment, as defined below. The
therapeutically effective amount may vary depending upon the intended application (in vitro
or in vivo), or the subject and disease condition being treated, e.g., the weight and age of the
subject, the severity of the disease condition, the manner of administration and the like,
which can readily be determined by one of ordinary skill in the art. The term also applies to a
dose that will induce a particular response in target cells, e.g. reduction of platelet adhesion
and/or cell migration. The specific dose will vary depending on the particular compounds
chosen, the dosing regimen to be followed, whether it is administered in combination with
other compounds, timing of administration, the tissue to which it is administered, and the

physical delivery system in which it is carried.

[127] As used herein, “treatment,” “treating,” or “ameliorating” are used
interchangeably. These terms refers to an approach for obtaining beneficial or desired results

including but not limited to therapeutic benefit and/or a prophylactic benefit. By therapeutic
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benefit is meant eradication or amelioration of the underlying disorder being treated. Also, a
therapeutic benefit is achieved with the eradication or amelioration of one or more of the
physiological symptoms associated with the underlying disorder such that an improvement is
observed in the patient, notwithstanding that the patient may still be afflicted with the
underlying disorder. For prophylactic benefit, the compositions may be administered to a
patient at risk of developing a particular disease, or to a patient reporting one or more of the
physiological symptoms of a disease, even though a diagnosis of this disease may not have

been made.

[128] A “therapeutic effect,” as that term is used herein, encompasses a
therapeutic benefit and/or a prophylactic benefit as described above. A prophylactic effect
includes delaying or eliminating the appearance of a disease or condition, delaying or
eliminating the onset of symptoms of a disease or condition, slowing, halting, or reversing the

progression of a disease or condition, or any combination thereof.

[129] The term “subject” or “patient” refers to an animal, such as a mammal, for
example a human. The methods described herein can be useful in both human therapeutics
and veterinary applications. In some embodiments, the patient is a mammal, and in some

embodiments, the patient is human.

[130] “Radiation therapy” means exposing a patient, using routine methods and
compositions known to the practitioner, to radiation emitters such as alpha-particle emitting
radionuclides (e.g., actinium and thorium radionuclides), low linear energy transfer (LET)
radiation emitters (i.e. beta emitters), conversion electron emitters (e.g. strontium-89 and
samarium- 153-EDTMP, or high-energy radiation, including without limitation x-rays,

gamima rays, and neutrons.

[131] “Signal transduction” is a process during which stimulatory or inhibitory
signals are transmitted into and within a cell to elicit an intracellular response. A modulator
of a signal transduction pathway refers to a compound which modulates the activity of one or
more cellular proteins mapped to the same specific signal transduction pathway. A modulator

may augment (agonist) or suppress (antagonist) the activity of a signaling molecule.

[132] The term “selective inhibition” or “selectively inhibit” as applied to a

biologically active agent refers to the agent’s ability to selectively reduce the target signaling
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activity as compared to off-target signaling activity, via direct or indirect interaction with the

target.

[133] The term “pharmaceutically acceptable carrier” or ‘“pharmaceutically
acceptable excipient” includes, but is not limited to, any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, one or
more suitable diluents, fillers, salts, disintegrants, binders, lubricants, glidants, wetting
agents, controlled release matrices, colorants/flavoring, carriers, excipients, buffers,
stabilizers, solubilizers, and combinations thereof. Except insofar as any conventional media
or agent is incompatible with the active ingredient, its use in the therapeutic compositions of
the invention is contemplated. Supplementary active ingredients can also be incorporated into

the compositions.

[134] In some embodiments, one or more subject compounds bind specifically to
a PI3 kinase or a protein kinase selected from the group consisting of mTor, DNA-dependent
protein kinase (Pubmed protein accession number (PPAN) AAA79184), AblI tyrosine kinase
(CAAS52387), Ber-Abl, hemopoietic cell kinase (PPAN CAI19695), Src (PPAN CAA24495),
vascular endothelial growth factor receptor 2 (PPAN ABB82619), epidermal growth factor
receptor (PPAN AG43241), EPH receptor B4 (PPAN EAL23820), stem cell factor receptor
(PPAN AAF22141), Tyrosine-protein kinase receptor TIE-2 (PPAN Q02858), fms-related
tyrosine kinase 3 (PPAN NP_004110), platelet-derived growth factor receptor alpha (PPAN
NP_990080), RET (PPAN CAA73131), and any other related protein kinases, as well as any

functional mutants thereof.

[135] In some embodiments, the IC50 of a subject compound for pi 10a, pi 108,
pi 10y, or pi 108 is less than about 1 uM, less than about 100 nM, less than about 50 nM, less
than about 10 nM, less than 1 nM or even less than about 0.5nM. In some embodiments, the
IC50 of a subject compound for mTor is less than about 1 uM, less than about 100 nM, less
than about 50 nM, less than about 10 nM, less than 1 nM or even less than about 0.5nM. In
some other embodiments, one or more subject compounds exhibit dual binding specificity
and are capable of inhibiting a PI3 kinase (e.g., a class I PI3 kinase) as well as a protein
kinase (e.g., mTor) with an IC50 value less than about 1 uM, less than about 100 nM, less
than about 50 nM, less than about 10 nM, less than 1 nM or even less than about 0.5 nM.
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[136] In some embodiments, the compounds of the present invention exhibit one
or more functional characteristics disclosed herein. For example, one or more subject
compounds bind specifically to a PI3 kinase. In some embodiments, the IC50 of a subject
compound for pi 10a, pi 108, pi 10y, or pi 105 is less than about 1 uM, less than about 100
nM, less than about 50 nM, less than about 10 nM, less than about 1 nM, less than about
0.5nM, less than about 100pM, or less than about 50 pM.

[137] In some embodiments, one or more of the subject compounds may
selectively inhibit one or more members of type I or class I phosphatidylinositol 3-kinases
(PI3-kinase) with an IC50 value of about 100 nM, 50 nM, 10 nM, 5 nM, 100 pM, 10 pM or 1

pM, or less as measured in an in vitro kinase assay.

[138] In some embodiments, one or more of the subject compound may
selectively inhibit one or two members of type I or class I phosphatidylinositol 3-kinases
(PI3-kinase) consisting of PI3-kinase a, PI3-kinase 8, PI3-kinase vy, and PI3-kinase 6. In some
aspects, some of the subject compounds selectively inhibit PI3-kinase & as compared to all
other type I PI3-kinases. In other aspects, some of the subject compounds selectively inhibit
PI3-kinase & and PI3- kinase y as compared to the rest of the type I PI3-kinases. In yet other
aspects, some of the subject compounds selectively inhibit PI3-kinase a and PI3-kinase B as
compared to the rest of the type I PI3-kinases. In still yet some other aspects, some of the
subject compounds selectively inhibit PI3-kinase 6 and PI3-kinase a as compared to the rest
of the type I PI3-kinases. In still yet some other aspects, some of the subject compounds
selectively inhibit PI3-kinase & and PI3-kinase B as compared to the rest of the type I PI3-
kinases, or selectively inhibit PI3-kinase 6 and PI3-kinase a as compared to the rest of the
type I PI3-kinases, or selectively inhibit PI3-kinase o and PI3-kinase y as compared to the
rest of the type I PI3-kinases, or selectively inhibit PI3-kinase y and PI3-kinase B as
compared to the rest of the type I PI3-kinases.

[139] In yet another aspect, an inhibitor that selectively inhibits one or more
members of type I PI3-kinases, or an inhibitor that selectively inhibits one or more type I PI3-
kinase mediated signaling pathways, alternatively can be understood to refer to a compound
that exhibits a 50% inhibitory concentration (IC50) with respect to a given type I PI3-kinase,
that is at least at least 10-fold, at least 20-fold, at least 50-fold, at least 100-fold, at least 1000-
fold, or lower, than the inhibitor’s IC50 with respect to the rest of the other type I PI3 -

kinases.
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[140] As used herein, the term “PI3-kinase 3 selective inhibitor” generally refers
to a compound that inhibits the activity of the PI3-kinase § isozyme more effectively than
other isozymes of the PI3K family. A PI3-kinase § selective inhibitor compound is therefore
more selective for PI3-kinase & than conventional PI3K inhibitors such as wortmannin and

L.Y294002, which are “nonselective PI3K inhibitors.”

[141] Inhibition of PI3-kinase & may be of therapeutic benefit in treatment of
various conditions, e.g., conditions characterized by an inflammatory response including but
not limited to autoimmune diseases, allergic diseases, and arthritic diseases. Importantly,
inhibition of PI3-kinase 6 function does not appear to affect biological functions such as

viability and fertility.

[142] “Inflammatory response” as used herein is characterized by redness, heat,
swelling and pain (i.e., inflammation) and typically involves tissue injury or destruction. An
inflammatory response is usually a localized, protective response elicited by injury or
destruction of tissues, which serves to destroy, dilute or wall off (sequester) both the injurious
agent and the injured tissue. Inflammatory responses are notably associated with the influx of
leukocytes and/or leukocyte (e.g., neutrophil) chemotaxis. Inflammatory responses may result
from infection with pathogenic organisms and viruses, noninfectious means such as trauma or
reperfusion following myocardial infarction or stroke, immune responses to foreign antigens,
and autoimmune diseases. Inflammatory responses amenable to treatment with the methods
and compounds according to the invention encompass conditions associated with reactions of
the specific defense system as well as conditions associated with reactions of the non-specific

defense system.

[143] The therapeutic methods of the invention include methods for the
amelioration of conditions associated with inflammatory cell activation. “Inflammatory cell
activation” refers to the induction by a stimulus (including but not limited to, cytokines,
antigens or auto-antibodies) of a proliferative cellular response, the production of soluble
mediators (including but not limited to cytokines, oxygen radicals, enzymes, prostanoids, or
vasoactive amines), or cell surface expression of new or increased numbers of mediators
(including but not limited to, major histocompatibility antigens or cell adhesion molecules) in
inflammatory cells (including but not limited to monocytes, macrophages, T lymphocytes, B
lymphocytes, granulocytes (polymorphonuclear leukocytes including neutrophils, basophils,

and eosinophils) mast cells, dendritic cells, Langerhans cells, and endothelial cells). It will be
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appreciated by persons skilled in the art that the activation of one or a combination of these
phenotypes in these cells can contribute to the initiation, perpetuation, or exacerbation of an

inflammatory condition.

[144] “Autoimmune disease” as used herein refers to any group of disorders in
which tissue injury is associated with humoral or cell-mediated responses to the body’s own
constituents. “Transplant rejection” as used herein refers-to any immune response directed
against grafted tissue (including organs or cells (e.g., bone marrow), characterized by a loss
of function of the grafted and surrounding tissues, pain, swelling, leukocytosis, and
thrombocytopenia). “Allergic disease” as used herein refers to any symptoms, tissue damage,
or loss of tissue function resulting from allergy. “Arthritic disease” as used herein refers to
any disease that is characterized by inflammatory lesions of the joints attributable to a variety
of etiologies. “Dermatitis” as used herein refers to any of a large family of diseases of the

skin that are characterized by inflammation of the skin attributable to a variety of etiologies.

[145] As previously described, the term “PI3-kinase & selective inhibitor”
generally refers to a compound that inhibits the activity of the PI3-kinase & isozyme more
effectively than other isozymes of the PI3K family. The relative efficacies of compounds as
inhibitors of an enzyme activity (or other biological activity) can be established by
determining the concentrations at which each compound inhibits the activity to a predefined
extent and then comparing the results. Typically, the preferred determination is the
concentration that inhibits 50% of the activity in a biochemical assay, i.e., the 50% inhibitory
concentration or “IC50”. IC50 determinations can be accomplished using conventional
techniques known in the art. In general, an IC50 can be determined by measuring the activity
of a given enzyme in the presence of a range of concentrations of the inhibitor under study.
The experimentally obtained values of enzyme activity then are plotted against the inhibitor
concentrations used. The concentration of the inhibitor that shows 50% enzyme activity (as
compared to the activity in the absence of any inhibitor) is taken as the IC50 value.
Analogously, other inhibitory concentrations can be defined through appropriate
determinations of activity. For example, in some settings it can be desirable to establish a

90% inhibitory concentration, i.e., IC90, etc.

[146] Accordingly, a PI3-kinase & selective inhibitor alternatively can be
understood to refer to a compound that exhibits a 50% inhibitory concentration (IC50) with
respect to PI3-kinase §, that is at least 10-fold, in another aspect at least 20-fold, and in
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another aspect at least 30-fold, lower than the IC50 value with respect to any or all of the
other class I PI3K family members. In an alternative embodiment of the invention, the term
PI3-kinase & selective inhibitor can be understood to refer to a compound that exhibits an
IC50 with respect to PI3-kinase § that is at least 50-fold, in another aspect at least 100-fold, in
an additional aspect at least 200-fold, and in yet another aspect at least 500-fold, lower than
the IC50 with respect to any or all of the other PI3K class I family members. A PI3-kinase &
selective inhibitor is typically administered in an amount such that it selectively inhibits PI3-

kinase § activity, as described above.

[147] The methods of the invention may be applied to cell populations in vivo or
ex vivo. “In vivo” means within a living individual, as within an animal or human or in a
subject’s body. In this context, the methods of the invention may be used therapeutically or
prophylactically in an individual. “Ex vivo” or “In vitro” means outside of a living
individual. Examples of ex vivo cell populations include in vitro cell cultures and biological
samples including but not limited to fluid or tissue samples obtained from individuals. Such
samples may be obtained by methods known in the art. Exemplary biological fluid samples
include blood, cerebrospinal fluid, urine, and saliva. Exemplary tissue samples include
tumors and biopsies thereof. In this context, the invention may be used for a variety of
purposes, including therapeutic and experimental purposes. For example, the invention may
be used ex vivo or in vitro to determine the optimal schedule and/or dosing of administration
of a PI3-kinase & selective inhibitor for a given indication, cell type, individual, and other
parameters. Information gleaned from such use may be used for experimental or diagnostic
purposes or in the clinic to set protocols for in vivo treatment. Other ex vivo uses for which
the invention may be suited are described below or will become apparent to those skilled in

the art.

Pharmaceutical Compositions

[148] The invention provides a pharmaceutical composition comprising one or
more compounds of the present invention. The pharmaceutical composition may include one
or more additional active ingredients as described herein. The pharmaceutical composition

may be administered for any of the disorders described herein

[149] In some embodiments, the invention provides pharmaceutical
compositions for treating diseases or conditions related to an undesirable, over-active,

harmful or deleterious immune response in a mammal. Such undesirable immune response
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can be associated with or result in, e.g., asthma, emphysema, bronchitis, psoriasis, allergy,
anaphylaxsis, auto-immune diseases, rhuematoid arthritis, graft versus host disease, and lupus
erythematosus. The pharmaceutical compositions of the present invention can be used to treat
other respiratory diseases including but not limited to diseases affecting the lobes of lung,
pleural cavity, bronchial tubes, trachea, upper respiratory tract, or the nerves and muscle for

breathing.

[150] In some embodiments, the invention provides pharmaceutical
compositions for the treatment of disorders such as hyperproliferative disorder including but
not limited to cancer such as acute myeloid leukemia, thymus, brain, lung, squamous cell,
skin, eye, retinoblastoma, intraocular melanoma, oral cavity and oropharyngeal, bladder,
gastric, stomach, pancreatic, bladder, breast, cervical, head, neck, renal, kidney, liver,
ovarian, prostate, colorectal, esophageal, testicular, gynecological, thyroid, CNS, PNS, AIDS
related (e.g. Lymphoma and Kaposi’s Sarcoma) or Viral-Induced cancer. In some
embodiments, the pharmaceutical composition is for the treatment of a non-cancerous
hyperproliferative disorder such as benign hyperplasia of the skin (e. g., psoriasis), restenosis,

or prostate (e. g., benign prostatic hypertrophy (BPH)).

[151] The invention also relates to a composition for treating a disease related to
vasculogenesis or angiogenesis in a mammal which can manifest as tumor angiogenesis,
chronic inflammatory disease such as rheumatoid arthritis, inflammatory bowel disease,
atherosclerosis, skin diseases such as psoriasis, eczema, and scleroderma, diabetes, diabetic
retinopathy, retinopathy of prematurity, age-related macular degeneration, hemangioma,
glioma, melanoma, Kaposi’s sarcoma and ovarian, breast, lung, pancreatic, prostate, colon

and epidermoid cancer.

[152] The invention also provides compositions for the treatment of liver
diseases (including diabetes), pancreatitis or kidney disease (including proliferative

glomerulonephritis and diabetes- induced renal disease) or pain in a mammal.

[153] The invention further provides a composition for the prevention of

blastocyte implantation in a mammal.

[154] The subject pharmaceutical compositions are typically formulated to
provide a therapeutically effective amount of a compound of the present invention as the

active ingredient, or a pharmaceutically acceptable salt, ester, or prodrug thereof. Where
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desired, the pharmaceutical compositions contain a compound of the present invention as the
active ingredient or a pharmaceutically acceptable salt and/or coordination complex thereof,
and one or more pharmaceutically acceptable excipients, carriers, such as inert solid diluents
and fillers, diluents, including sterile aqueous solution and various organic solvents,

permeation enhancers, solubilizers and adjuvants.

[155] The subject pharmaceutical compositions can be administered alone or in
combination with one or more other agents, which are also typically administered in the form
of pharmaceutical compositions. Where desired, the subject compounds and other agent(s)
may be mixed into a preparation or both components may be formulated into separate

preparations to use them in combination separately or at the same time.

[156] Methods include administration of an inhibitor by itself, or in combination
as described herein, and in each case optionally including one or more suitable diluents,
fillers, salts, disintegrants, binders, lubricants, glidants, wetting agents, controlled release
matrices, colorants/flavoring, carriers, excipients, buffers, stabilizers, solubilizers, and

combinations thereof.

[157] Preparations of various pharmaceutical compositions are known in the art.
See, e.g., Anderson, Philip O.; Knoben, James E.; Troutman, William G, eds., Handbook of
Clinical Drug Data, Tenth Edition, McGraw-Hill, 2002; Pratt and Taylor, eds., Principles of
Drug Action, Third Edition, Churchill Livingston, New York, 1990; Katzung, ed., Basic and
Clinical Pharmacology, Ninth Edition, McGraw Hill, 2003; Goodman and Gilman, eds., The
Pharmacological Basis of Therapeutics, Tenth Edition, McGraw Hill, 2001; Remingtons
Pharmaceutical Sciences, 20th Ed., Lippincott Williams & Wilkins., 2000; Martindale, The
Extra Pharmacopoeia, Thirty-Second Edition (The Pharmaceutical Press, London, 1999), all

of which are incorporated by reference herein in their entirety.

[158] The compounds or pharmaceutical composition of the present invention
can be administered by any route that enables delivery of the compounds to the site of action,
such asoral routes, intraduodenal routes, parenteral injection (including intravenous,
intraarterial, subcutaneous, intramuscular, intravascular, intraperitoneal or infusion), topical
administration (e.g. transdermal application), rectal administration, via local delivery by
catheter or stent or through inhalation. The compounds can also be administered

intraadiposally or intrathecally.
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[159] The compositions can be administered in solid, semi-solid, liquid or
gaseous form, or may be in dried powder, such as lyophilized form. The pharmaceutical
compositions can be packaged in forms convenient for delivery, including, for example, solid
dosage forms such as capsules, sachets, cachets, gelatins, papers, tablets, capsules,
suppositories, pellets, pills, troches, and lozenges. The type of packaging will generally
depend on the desired route of administration. Implantable sustained release formulations are

also contemplated, as are transdermal formulations.

Routes of Administration

[160] In the methods according to the invention, the inhibitor compounds may be
administered by various routes. For example, pharmaceutical compositions may be for
injection, or for oral, nasal, transdermal or other forms of administration, including, e.g., by
intravenous, intradermal, intramuscular, intramammary, intraperitoneal, intrathecal,
intraocular, retrobulbar, intrapulmonary (e.g., aerosolized drugs) or subcutaneous injection
(including depot administration for long term release e.g., embedded-under the-splenic
capsule, brain, or in the cornea); by sublingual, anal, or vaginal administration, or by surgical
implantation, e.g., embedded under the splenic capsule, brain, or in the cornea. The treatment
may consist of a single dose or a plurality of doses over a period of time. In general, the
methods of the invention involve administering effective amounts of a modulator of the
invention together with one or more pharmaceutically acceptable diluents, preservatives,

solubilizers, emulsifiers, adjuvants and/or carriers, as described above.

[161] The subject pharmaceutical composition may, for example, be in a form
suitable for oral administration as a tablet, capsule, pill, powder, sustained release
formulations, solution, suspension, for parenteral injection as a sterile solution, suspension or
emulsion, for topical administration as an ointment or cream or for rectal administration as a
suppository. The pharmaceutical composition may be in unit dosage forms suitable for single
administration of precise dosages. The pharmaceutical composition will include a
conventional pharmaceutical carrier or excipient and a compound according to the invention
as an active ingredient. In addition, it may include other medicinal or pharmaceutical agents,

carriers, and adjuvants.

[162] In one aspect, the invention provides methods for oral administration of a
pharmaceutical composition of the invention. Oral solid dosage forms are described generally

in Remington’s Pharmaceutical Sciences, supra at Chapter 89. Solid dosage forms include
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tablets, capsules, pills, troches or lozenges, and cachets or pellets. Also, liposomal or
proteinoid encapsulation may be used to formulate the compositions (as, for example,
proteinoid microspheres reported in U.S. Pat. No. 4,925,673). Liposomal encapsulation may
include liposomes that are derivatized with various polymers (e.g., U.S. Pat. No. 5,013,556).
The formulation may include a compound of the invention and inert ingredients which
protect against degradation in the stomach and which permit release of the biologically active

material in the intestine.

[163] Toxicity and therapeutic efficacy of the PI3-kinase 6 selective compounds
can be determined by standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., for determining the LD50 (the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the population). Additionally, this
information can be determined in cell cultures or experimental animals additionally treated
with other therapies including but not limited to radiation, chemotherapeutic agents,
photodynamic therapies, radiofrequency ablation, anti-angiogenic agents, and combinations

thereof.

[164] The amount of the compound administered will be dependent on the
mammal being treated, the severity of the disorder or condition, the rate of administration, the
disposition of the compound and the discretion of the prescribing physician. However, an
effective dosage is in the range of about 0.001 to about 100 mg per kg body weight per day,
preferably about 1 to about 35 mg/kg/day, in single or divided doses. For a 70 kg human, this
would amount to about 0.05 to 7 g/day, preferably about 0.05 to about 2.5 g/day. In some
instances, dosage levels below the lower limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may be employed without causing any
harmful side effect, e.g. bydividing such larger doses into several small doses for

administration throughout the day.

[165] In some embodiments, a compound of the invention is administered in a
single dose. Typically, such administration will be by injection, e.g., intravenous injection, in
order to introduce the agent quickly. However, other routes may be used as appropriate. A
single dose of a compound of the invention may also be used for treatment of an acute

condition.
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[166] In practice of the methods of the invention, the pharmaceutical
compositions are generally provided in doses ranging from 1 pg compound/kg body weight to
1000 mg/kg, 0.1 mg/kg to 100 mg/kg, 0.1 mg/kg to 50 mg/kg, and 1 to 20 mg/kg, given in
daily doses or in equivalent doses at longer or shorter intervals, e.g., every other day, twice
weekly, weekly, or twice or three times daily. The inhibitor compositions may be
administered by an initial bolus followed by a continuous infusion to maintain therapeutic
circulating levels of drug product. Those of ordinary skill in the art will readily optimize
effective dosages and administration regimens as determined by good medical practice and
the clinical condition of the individual to be treated. The frequency of dosing will depend on
the pharmacokinetic parameters of the agents and the route of administration. The optimal
pharmaceutical formulation will be determined by one skilled in the art depending upon the
route of administration and desired dosage [see, for example, Remington’s Pharmaceutical
Sciences, pp. 1435-1712, the disclosure of which is hereby incorporated by reference]. Such
formulations may influence the physical state, stability, rate of in vivo release, and rate of in
vivo clearance of the administered agents. Depending on the route of administration, a
suitable dose may be calculated according to body weight, body surface area or organ size.
Further refinement of the calculations necessary to determine the appropriate dosage for
treatment involving each of the above mentioned formulations is routinely made by those of
ordinary skill in the art without undue experimentation, especially in light of the dosage
information and assays disclosed herein, as well as the pharmacokinetic data observed in
human clinical trials. Appropriate dosages may be ascertained by using established assays for
determining blood level dosages in conjunction with an appropriate physician considering
various factors which modify the action of drugs, e.g., the drug’s specific activity, the
severity of the indication, and the responsiveness of the individual, the age, condition, body
weight, sex and diet of the individual, the time of administration and other clinical factors. As
studies are conducted, further information will emerge regarding the appropriate dosage
levels and duration of treatment for various diseases and conditions capable of being treated

with the methods of the invention.

[167] In some embodiments, a compound of the invention is administered in
multiple doses. Dosing may be about once, twice, three times, four times, five times, six
times, or more than six times per day. Dosing may be about once a month, once every two
weeks, once a week, or once every other day. In another embodiment a compound of the

invention and another agent are administered together about once per day to about 6 times per
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day. In another embodiment the administration of a compound of the invention and an agent
continues for less than about 7 days. In yet another embodiment the administration continues
for more than about 6, 10, 14, 28 days, two months, six months, or one year. In some cases,

continuous dosing is achieved and maintained as long as necessary.

[168] Administration of the agents of the invention may continue as long as
necessary. In some embodiments, an agent of the invention is administered for more than 1,
2, 3,4,5, 6, 7, 14, or 28 days. In some embodiments, an agent of the invention is
administered for less than 28, 14, 7, 6, 5, 4, 3, 2, or 1 day. In some embodiments, an agent of
the invention is administered chronically on an ongoing basis, e.g., for the treatment of

chronic effects.

[169] An effective amount of a compound of the invention may be administered
in either single or multiple doses by any of the accepted modes of administration of agents
having similar utilities, including rectal, buccal, intranasal and transdermal routes, by intra-
arterial  injection, intravenously, intraperitoneally, parenterally, intramuscularly,

subcutaneously, orally, topically, or as an inhalant.

[170] The compounds of the invention may be administered in dosages. It is
known in the art that due to intersubject variability in compound pharmacokinetics,
individualization of dosing regimen is necessary for optimal therapy. Dosing for a compound

of the invention may be found by routine experimentation in light of the instant disclosure.

[171] When a compound of the invention, is administered in a composition that
comprises one or more agents, and the agent has a shorter half-life than the compound of the
invention unit dose forms of the agent and the compound of the invention may be adjusted

accordingly.

[172] The inhibitors of the invention may be covalently or noncovalently
associated with a carrier molecule including but not limited to a linear polymer (e.g.,
polyethylene glycol, polylysine, dextran, etc.), a branched-chain polymer (see U.S. Pat. Nos.
4,289,872 and 5,229,490; PCT Publication No. WO 93/21259), a lipid, a cholesterol group
(such as a steroid), or a carbohydrate or oligosaccharide. Specific examples of carriers for use
in the pharmaceutical compositions of the invention include carbohydrate-based polymers

such as trehalose, mannitol, xylitol, sucrose, lactose, sorbitol, dextrans such as cyclodextran,
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cellulose, and cellulose derivatives. Also, the use of liposomes, microcapsules or

microspheres, inclusion complexes, or other types of carriers is contemplated.

[173] Other carriers include one or more water soluble polymer attachments such
as polyoxyethylene glycol, or polypropylene glycol as described U.S. Pat. Nos. 4,640,835,
4,496,689, 4,301,144, 4,670,417, 4,791,192 and 4,179,337. Still other useful carrier polymers
known in the art include monomethoxy-polyethylene glycol, poly-(N-vinyl pyrrolidone)-
polyethylene glycol, propylene glycol homopolymers, a polypropylene oxidelethylene oxide
co-polymer, polyoxyethylated polyols (e.g., glycerol) and polyvinyl alcohol, as well as

mixtures of these polymers.

[174] Derivitization with bifunctional agents is useful for cross-linking a
compound of the invention to a support matrix or to a carrier. One such carrier is
polyethylene glycol (PEG). The PEG group may be of any convenient molecular weight and
may be straight chain or branched. The average molecular weight of the PEG can range from
about 2 kDa to about 100 kDa, in another aspect from about 5 kDa to about 50 kDa, and in a
further aspect from about 5 kDa to about 10 kDa. The PEG groups will generally be attached
to the compounds of the invention via acylation, reductive alkylation, Michael addition, thiol
alkylation or other chemoselective conjugation/ligation methods through a reactive group on
the PEG moiety (e.g., an aldehyde, amino, ester, thiol, ci-haloacetyl, maleimido or hydrazino
group) to a reactive group on the target inhibitor compound (e.g., an aldehyde, amino, ester,
thiol, a-haloacetyl, maleimido or hydrazino group). Cross-linking agents can include, e.g.,
esters with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidyl
esters such as 3,3’-dithiobis (succinimidylpropionate), and bifunctional maleimides such as
bis-N-maleimido-1,8-octane. Derivatizing agents such as methyl-3-[(p-
azidophenyl)dithiolpropioimidate yield photoactivatable intermediates that are capable of
forming crosslinks in the presence of light. Alternatively, reactive water-insoluble matrices
such as cyanogen bromide-activated carbohydrates and the reactive substrates described in
U.S. Pat. Nos. 3,969,287; 3,691,016; 4,195,128; 4,247,642; 4,229,537; and 4,330,440 may be

employed for inhibitor immobilization.

Method of Treatment

[175] The invention also provides methods of using the compounds or
pharmaceutical compositions of the present invention to treat disease conditions, including

but not limited to diseases associated with malfunctioning of one or more types of PI3 kinase.
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A detailed description of conditions and disorders mediated by pi 108 kinase activity is set
forth in WO 2001/81346 and US 2005/043239, both of which are incorporated herein by

reference in their entireties for all purposes.

[176] The treatment methods provided herein comprise administering to the
subject a therapeutically effective amount of a compound of the invention. In one
embodiment, the present invention provides a method of treating an inflammation disorder,
including autoimmune diseases in a mammal. The method comprises administering to said
mammal a therapeutically effective amount of a compound of the present invention, or a

pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof.

[177] The disorders, diseases, or conditions treatable with a compound provided

herein, include, but are not limited to,

. inflammatory or allergic diseases, including systemic anaphylaxis and
hypersensitivity disorders, atopic dermatitis, urticaria, drug allergies, insect
sting allergies, food allergies (including celiac disease and the like),
anaphylaxis, serum sickness, drug reactions, insect venom allergies,
hypersensitivity pneumonitis, angioedema, erythema multiforme, Stevens-
Johnson syndrome, atopic keratoconjunctivitis, venereal keratoconjunctivitis,

giant papillary conjunctivitis, and mastocytosis;

" inflammatory bowel diseases, including Crohn’s disease, ulcerative colitis,

ileitis,enteritis, and necrotizing enterocolitis;
. vasculitis, and Behcet’s syndrome;

= psoriasis and inflammatory dermatoses, including dermatitis, eczema, ,
allergic contact dermatitis, , viral cutaneous pathologies including those
derived from human papillomavirus, HIV or RLV infection, bacterial, flugal,

and other parasital cutaneous pathologies, and cutaneous lupus erythematosus;

= asthma and respiratory allergic diseases, including allergic asthma, exercise
induced asthma, allergic rhinitis, otitis media, hypersensitivity lung diseases,

chronic obstructive pulmonary disease and other respiratory problems;
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= autoimmune diseases and inflammatory conditions, including but are not
limited to acute disseminated encephalomyelitis (ADEM), Addison’s disease,
antiphospholipid antibody syndrome (APS), aplastic anemia, autoimmune
hepatitis, coeliac disease, Crohn’s disease, Diabetes mellitus (type 1),
Goodpasture’s syndrome, Graves’ disease, Guillain-Barre syndrome (GBS),
Reynaud’s syndrome, Hashimoto’s disease, lupus erythematosus, systemic
lupus erythematosus (SLE), multiple sclerosis, myasthenia gravis, opsoclonus
myoclonus syndrome (OMS), optic neuritis, Ord’s thyroiditis, oemphigus,
polyarthritis, primary biliary cirrhosis, psoriasis, rheumatoid arthritis, psoriatic
arthritis, gouty arthritis, spondylitis, reactive arthritis, chronic or acute
glomerulonephritis, lupus nephritis, Reiter’s syndrome, Takayasu’s arteritis,
temporal arteritis (also known as “giant cell arteritis”), warm autoimmune
hemolytic anemia, Wegener’s granulomatosis, alopecia universalis, Chagas’
disease, chronic fatigue syndrome, dysautonomia, endometriosis, hidradenitis
suppurativa, interstitial cystitis, neuromyotonia, sarcoidosis, scleroderma,
ulcerative colitis, connective tissue disease, autoimmune pulmonary
inflammation, autoimmune thyroiditis, autoimmune inflammatory eye disease,
vitiligo, and vulvodynia. Other disorders include bone-resorption disorders

and thromobsis;

= tissue or organ transplant rejection disorders including but not limited to graft
rejection (including allograft rejection and graft-v-host disease (GVHD)), e.g.,

skin graft rejection, solid organ transplant rejection, bone marrow transplant

rejection;
" fever;
= cardiovascular disorders, including acute heart failure, hypotension,

hypertension, angina pectoris, myocardial infarction, cardiomyopathy,
congestive heart failure, atherosclerosis, coronary artery disease, restenosis,

and vascular stenosis;

. cerebrovascular disorders, including traumatic brain injury, stroke, ischemic

reperfusion injury and aneurysm;
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. cancers of the breast, skin, prostate, cervix, uterus, ovary, testes, bladder, lung,
liver, larynx, oral cavity, colon and gastrointestinal tract (e.g., esophagus,

stomach, pancreas), brain, thyroid, blood, and lymphatic system;

. fibrosis, connective tissue disease, and sarcoidosis;

. genital and reproductive conditions, including erectile dysfunction;

. gastrointestinal disorders, including gastritis, ulcers, nausea, pancreatitis, and
vomiting;

- neurologic disorders, including Alzheimer’s disease;

. sleep disorders, including insomnia, narcolepsy, sleep apnea syndrome, and

Pickwick Syndrome;

- pain, myalgias due to infection;

n renal disorders;

. ocular disorders, including glaucoma;

. infectious diseases, including HIV;

. sepsis; septic shock; endotoxic shock; gram negative sepsis; gram positive

sepsis; toxic shock syndrome; multiple organ injury syndrome secondary to

septicemia, trauma, or hemorrhage;

. pulmonary or respiratory conditions including but not limited to asthma,
chronic bronchitis, allergic rhinitis, adult respiratory distress syndrome
(ARDS), severe acute respiratory syndrome (SARS), chronic pulmonary
inflammatory diseases (e.g., chronic obstructive pulmonary disease), silicosis,
pulmonary sarcoidosis, pleurisy, alveolitis, vasculitis, pneumonia,

bronchiectasis, hereditary emphysema, and pulmonary oxygen toxicity;
. ischemic-reperfusion injury, e.g., of the myocardium, brain, or extremities;

- fibrosis including but not limited to cystic fibrosis; keloid formation or scar

tissue formation;
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. central or peripheral nervous system inflammatory conditions including but
not limited to meningitis (e.g., acute purulent meningitis), encephalitis, and

brain or spinal cord injury due to minor trauma;

= Sjorgren’s syndrome; diseases involving leukocyte diapedesis; alcoholic
hepatitis; bacterial pneumonia; community acquired pneumonia (CAP);
Pneumocystis carinii pneumonia (PCP); antigen-antibody complex mediated
diseases; hypovolemic shock; acute and delayed hypersensitivity; disease
states due to leukocyte dyscrasia and metastasis; thermal injury; granulocyte
transfusion associated syndromes; cytokine-induced toxicity; stroke;
pancreatitis; myocardial infarction, respiratory syncytial virus (RSV)

infection; and spinal cord injury.

[178] In certain embodiments, the cancer or cancers treatable with the methods

provided herein includes, but is or are not limited to,

= leukemias, including, but not limited to, acute leukemia, acute lymphocytic
leukemia, acute myelocytic leukemias such as myeloblasts, promyelocyte,
myelomonocytic, monocytic, erythroleukemia leukemias and myelodysplastic
syndrome or a symptom thereof (such as anemia, thrombocytopenia,
neutropenia, bicytopenia or pancytopenia), refractory anemia (RA), RA with
ringed sideroblasts (RARS), RA with excess blasts (RAEB), RAEB in
transformation (RAEB-T), preleukemia, and chronic myelomonocytic
leukemia (CMML);

" chronic leukemias, including, but not limited to, chronic myelocytic

(granulocytic) leukemia, chronic lymphocytic leukemia, and hairy cell

leukemia;
. polycythemia vera;
. lymphomas, including, but not limited to, Hodgkin’s disease and non-

Hodgkin’s disease;
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. multiple myelomas, including, but not limited to, smoldering multiple
myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell

leukemia, solitary plasmacytoma, and extramedullary plasmacytoma;

n Waldenstrom’s macroglobulinemia;

= monoclonal gammopathy of undetermined significance;

. benign monoclonal gammopathy;

" heavy chain disease;

. bone and connective tissue sarcomas, including, but not limited to, bone

sarcoma, osteosarcoma, chondrosarcoma, Ewing’s sarcoma, malignant giant
cell tumor, fibrosarcoma of bone, chordoma, periosteal sarcoma, soft-tissue
sarcomas, angiosarcoma (hemangiosarcoma), fibrosarcoma, Kaposi’s
sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma, metastatic

cancers, neurilemmoma, rhabdomyosarcoma, and synovial sarcoma;

= brain tumors, including, but not limited to, glioma, astrocytoma, brain stem
glioma, ependymoma, oligodendroglioma, nonglial tumor, acoustic
neurinoma, craniopharyngioma, medulloblastoma, meningioma, pineocytoma,

pineoblastoma, and primary brain lymphoma;

- breast cancer, including, but not limited to, adenocarcinoma, lobular (small
cell) carcinoma, intraductal carcinoma, medullary breast cancer, mucinous
breast cancer, tubular breast cancer, papillary breast cancer, primary cancers,

Paget’ s disease, and inflammatory breast cancer;

= adrenal cancer, including, but not limited to, pheochromocytom and
g P Y

adrenocortical carcinoma;

. thyroid cancer, including, but not limited to, papillary or follicular thyroid

cancer, medullary thyroid cancer, and anaplastic thyroid cancer;

= pancreatic cancer, including, but not limited to,insulinoma, gastrinoma,
glucagonoma, vipoma, somatostatin-secreting tumor, and carcinoid or islet

cell tumor;
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. pituitary cancer, including, but limited to, Cushing’s disease, prolactin-

secreting tumor, acromegaly, and diabetes insipidus;

. eye cancer, including, but not limited, to ocular melanoma such as iris
melanoma, choroidal melanoma, and cilliary body melanoma, and

retinoblastoma;

. vaginal cancer, including, but not limited to, squamous cell carcinoma,

adenocarcinoma, and melanoma;

- vulvar cancer, including, but not limited to, squamous cell carcinoma,

melanoma, adenocarcinoma, basal cell carcinoma, sarcoma, and Paget’ s

disease;

. cervical cancers, including, but not limited to, squamous cell carcinoma, and
adenocarcinoma;

. uterine cancer, including, but not limited to, endometrial carcinoma and

uterine sarcoma;

. ovarian cancer, including, but not limited to, ovarian epithelial carcinoma,

borderline tumor, germ cell tumor, and stromal tumor;

. esophageal cancer, including, but not limited to, squamous cancer,
adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma,
adenosquamous carcinoma, sarcoma, melanoma, plasmacytoma, verrucous

carcinoma, and oat cell (small cell) carcinoma;

. stomach cancer, including, but not limited to, adenocarcinoma, fungating
(polypoid), ulcerating, superficial spreading, diffusely spreading, malignant

lymphoma, liposarcoma, fibrosarcoma, and carcinosarcoma;

= colon cancer;

. rectal cancer;

. liver cancer, including, but not limited to, hepatocellular carcinoma and
hepatoblastoma;
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) gallbladder cancer , including, but not limited to, adenocarcinoma;

) cholangiocarcinomas, including, but not limited to, pappillary, nodular, and
diffuse;

= lung cancer, including, but not limited to, non-small cell lung cancer,

squamous cell carcinoma (epidermoid carcinoma), adenocarcinoma, large-cell

carcinoma, and small-cell lung cancer;

. testicular cancer, including, but not limited to, germinal tumor, seminoma,
anaplastic, classic (typical), spermatocytic, nonseminoma, embryonal

carcinoma, teratoma carcinoma, and choriocarcinoma (yolk-sac tumor);

. prostate cancer, including, but not limited to, adenocarcinoma,

leiomyosarcoma, and rhabdomyosarcoma;

. penal cancer;

. oral cancer, including, but not limited to, squamous cell carcinoma;

. basal cancer;

. salivary gland cancer, including, but not limited to, adenocarcinoma,

mucoepidermoid carcinoma, and adenoidcystic carcinoma;

" pharynx cancer, including, but not limited to, squamous cell cancer and
VeIrucous;
. skin cancer, including, but not limited to, basal cell carcinoma, squamous cell

carcinoma and melanoma, superficial spreading melanoma, nodular

melanoma, lentigo malignant melanoma, and acral lentiginous melanoma;

n kidney cancer, including, but not limited to, renal cell cancer,
adenocarcinoma,

. hypernephroma, fibrosarcoma, and transitional cell cancer (renal pelvis and/or
uterer);

= Wilms’ tumor;
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n bladder cancer, including, but not limited to, transitional cell carcinoma,
squamous cell cancer, adenocarcinoma, and carcinosarcoma; and other cancer,
including, not limited to, myxosarcoma, osteogenic  sarcoma,
endotheliosarcoma,  lymphangio-  endotheliosarcoma, = mesothelioma,
synovioma, hemangioblastoma, epithelial carcinoma, cystadenocarcinoma,
bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland carcinoma,

papillary carcinoma, and papillary adenocarcinomas

See Fishman et al., 1985, Medicine, 2d Ed., J.B. Lippincott Co., Philadelphia and Murphy et
al., 1997, Informed Decisions: The Complete Book of Cancer Diagnosis, Treatment, and

Recovery, Viking Penguin, Penguin Books U.S.A., Inc., United States of America.

[179] It will be appreciated that the treatment methods of the invention are useful
in the fields of human medicine and veterinary medicine. Thus, the individual to be treated
may be a mammal, preferably human, or other animals. For veterinary purposes, individuals
include but are not limited to farm animals including cows, sheep, pigs, horses, and goats;
companion animals such as dogs and cats; exotic and/or zoo animals; laboratory animals
including mice, rats, rabbits, guinea pigs, and hamsters; and poultry such as chickens,

turkeys, ducks, and geese.

[180] In some embodiments, the method of treating inflammatory or
autoimmune diseases comprises administering to a subject (e.g. a mammal) a therapeutically
effective amount of one or more compounds of the present invention that selectively inhibit
PI3K-3 and/or PI3K-y as compared to all other type I PI3 kinases. Such selective inhibition of
PI3K- & and/or PI3K-y may be advantageous for treating any of the diseases or conditions
described herein. For example, selective inhibition of PI3K- & may inhibit inflammatory
responses associated with inflammatory diseases, autoimmune disease, or diseases related to
an undesirable immune response including but not limited to asthma, emphysema, allergy,
dermatitis, rhuematoid arthritis, psoriasis, lupus erythematosus, or graft versus host disease.
Selective inhibition of POK-8 may further provide for a reduction in the inflammatory or
undesirable immune response without a concomittant reduction in the ability to reduce a
bacterial, viral, and/or fungal infection. Selective inhibition of both PI3K- & and PI3K-y may
be advantageous for inhibiting the inflammatory response in the subject to a greater degree
than that would be provided for by inhibitors that selectively inhibit PI3K -5 or PI3K-y alone.

In one aspect, one or more of the subject methods are effective in reducing antigen specific
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antibody production in vivo by about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-fold,
50-fold, 100-fold, 250-fold, 500-fold, 750-fold, or about 1000-fold or more. In another
aspect, one or more of the subject methods are effective in reducing antigen specific IgG3
and/or IgGM production in vivo by about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-
fold, 50-fold, 100- fold, 250-fold, 500-fold, 750-fold, or about 1000-fold or more.

[181] In one aspect, one of more of the subject methods are effective in
ameliorating symptoms assoicated with rhuematoid arthritis including but not limited to a
reduction in the swelling of joints, a reduction in serum anti-collagen levels, and/or a
reduction in joint pathology such as bone resorption, cartilage damage, pannus, and/or
inflammation. In another aspect, the subject methods are effective in reducing ankle
inflammation by at least about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%, 60%, or about
75% to 90%. In another aspect, the subject methods are effective in reducing knee
inflammation by at least about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%, 60%, or about
75% to 90% or more. In still another aspect, the subject methods are effective in reducing
serum anti-type II collagen levels by at least about 10%, 12%, 15%, 20%, 24%, 25%, 30%,
35%, 50%, 60%, 75%, 80%, 86%, 87%, or about 90% or more. In another aspect, the subject
methods are effective in reducing ankle histopathology scores by about 5%, 10%, 15%, 20%,
25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or more. In still another aspect, the subject
methods are effective in reducing knee histopathology scores by about 5%, 10%, 15%, 20%,
25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or more.

[182] In other embodiments, the present invention provides methods of using the
compounds or pharmaceutical compositions to treat respiratory diseases including but not
limited to diseases affecting the lobes of lung, pleural cavity, bronchial tubes, trachea, upper
respiratory tract, or the nerves and muscle for breathing. For example, methods are provided
to treat obstructive pulmonary disease. Chronic obstructive pulmonary disease (COPD) is an
umbrella term for a group of respiratory tract diseases that are characterized by airflow
obstruction or limitation. Conditions included in this umbrella term are: chronic bronchitis,

emphysema, and bronchiectasis.

[183] In another embodiment, the compounds described herein are used for the
treatment of asthma. Also, the compounds or pharmaceutical compositions described herein
may be used for the treatment of endotoxemia and sepsis. In one embodiment, the compounds

or pharmaceutical compositions described herein are used to for the treatment of rheumatoid
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arthritis (RA). In yet another embodiment, the compounds or pharmaceutical compositions
described herein is used for the treatment of contact or atopic dermatitis. Contact dermatitis
includes irritant dermatitis, phototoxic dermatitis, allergic dermatitis, photoallergic dermatitis,
contact urticaria, systemic contact-type dermatitis and the like. Irritant dermatitis can occur
when too much of a substance is used on the skin of when the skin is sensitive to certain
substance. Atopic dermatitis, sometimes called eczema, is a kind of dermatitis, an atopic skin

disease.

[184] The invention also relates to a method of treating a hyperproliferative
disorder in a mammai that comprises administering to said mammal a therapeutically
effective amount of a compound of the present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative thereof. In some embodiments, said method
relates to the treatment of cancer such as acute myeloid leukemia, thymus, brain, lung,
squamous cell, skin, eye, retinoblastoma, intraocular melanoma, oral cavity and
oropharyngeal, bladder, gastric, stomach, pancreatic, bladder, breast, cervical, head, neck,
renal, kidney, liver, ovarian, prostate, colorectal, esophageal, testicular, gynecological,
thyroid, CNS, PNS, AIDS-related (e.g. Lymphoma and Kaposi’s Sarcoma) or viral-induced
cancer. In some embodiments, said method relates to the treatment of a non-cancerous
hyperproliferative disorder such as benign hyperplasia of the skin (e. g., psoriasis), restenosis,

or prostate (e.g., benign prostatic hypertrophy (BPH)).

[185] The invention also relates to a method of treating diseases related to
vasculogenesis or angiogenesis in a mammal that comprises administering to said mammal a
therapeutically effective amount of a compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. In
some embodiments, said method is for treating a disease selected from the group consisting
of tumor angiogenesis, chronic inflammatory disease such as rheumatoid arthritis,
atherosclerosis, inflammatory bowel disease, skin diseases such as psoriasis, eczema, and
scleroderma, diabetes, diabetic retinopathy, retinopathy of prematurity, age-related macular
degeneration, hemangioma, glioma, melanoma, Kaposi’s sarcoma and ovarian, breast, lung,

pancreatic, prostate, colon and epidermoid cancer.

[186] Patients that can be treated with compounds of the present invention, or
pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative of said

compounds, according to the methods of this invention include, for example, patients that
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have been diagnosed as having psoriasis; restenosis; atherosclerosis; BPH; breast cancer such
as a ductal carcinoma in duct tissue in a mammary gland, medullary carcinomas, colloid
carcinomas, tubular carcinomas, and inflammatory breast cancer; ovarian cancer, including
epithelial ovarian tumors such as adenocarcinoma in the ovary and an adenocarcinoma that
has migrated from the ovary into the abdominal cavity; uterine cancer; cervical cancer such
as adenocarcinoma in the cervix epithelial including squamous cell carcinoma and
adenocarcinomas; prostate cancer, such as a prostate cancer selected from the following: an
adenocarcinoma or an adenocarinoma that has migrated to the bone; pancreatic cancer such
as epitheliod carcinoma in the pancreatic duct tissue and an adenocarcinoma in a pancreatic
duct; bladder cancer such as a transitional cell carcinoma in urinary bladder, urothelial
carcinomas (transitional cell carcinomas), tumors in the urothelial cells that line the bladder,
squamous cell carcinomas, adenocarcinomas, and small cell cancers; leukemia such as acute
myeloid leukemia (AML), acute lymphocytic leukemia, chronic lymphocytic leukemia,
chronic myeloid leukemia, hairy cell leukemia, myelodysplasia, myeloproliferative disorders,
acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), mastocytosis,
chronic lymphocytic leukemia (CLL), multiple myeloma (MM), and myelodysplastic
syndrome (MDS); bone cancer; lung cancer such as non-small cell lung cancer (NSCLC),
which is divided into squamous cell carcinomas, adenocarcinomas, and large cell
undifferentiated carcinomas, and small cell lung cancer; skin cancer such as basal cell
carcinoma, melanoma, squamous cell carcinoma and actinic keratosis, which is a skin
condition that sometimes develops into squamous cell carcinoma; eye retinoblastoma;
cutaneous or intraocular (eye) melanoma; primary liver cancer (cancer that begins in the
liver); kidney cancer; thyroid cancer such as papillary, follicular, medullary and anaplastic;
AIDS-related lymphoma such as diffuse large B-cell lymphoma, B-cell immunoblastic
lymphoma and small non-cleaved cell lymphoma; Kaposi’s Sarcoma; viral-induced cancers
including hepatitis B virus (HBV), hepatitis C virus (HCV), and hepatocellular carcinoma;
human lymphotropic virus-type 1 (HTLV-I) and adult T-cell leukemia/lymphoma; and
human papilloma virus (HPV) and cervical cancer; central nervous system cancers (CNS)
such as primary brain tumor, which includes gliomas (astrocytoma, anaplastic astrocytoma,
or glioblastoma multiforme), Oligodendroglioma, Ependymoma, Meningioma, Lymphoma,
Schwannoma, and Medulloblastoma; peripheral nervous<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>